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This paper is concerned with the effect of exercise on the blood pressure and the modification of 
this effect by hexamethonium bromide. It is well known that the methonium compounds can pro- 
duce a fall in the blood pressure of many hypertensive subjects when lying down. This fall, however, 
is variable and inconstant. In normal persons, the methonium compounds do not produce a fall 
in the basal blood pressure taken in the supine position (Conway, 1953). In all persons, normal 
and hypertensive, methonium compounds produce a postural fall in the blood pressure. This 
postural hypotension has, for the most part, been regarded as an undesirable side-effect of methonium 
therapy but some have attempted to turn it to good account; for example, the head of the bed has 
been raised on blocks as a routine part of hexamethonium treatment of hypertension (Shirley Smith, 
1953). 

By taking blood pressure recordings in the lying and standing positions, it was found that hexa- 
methonium bromide had, in many subjects, only a postural effect. If this postural effect was only 
present when the person was standing still and passed off on exercise—and this seemed a likely a 
priori supposition—then the postural hypotension would obviously be of no value but merely an 
unpleasant side-effect likely to cause fainting in the erect position, or even to precipitate thrombosis. 
If, however, a hypotensive effect persisted on exercise-——that is when the patient was upright and 
about his daily work—then this so-called side-action should constitute a most significant factor 
in the treatment of hypertension by the methonium compounds. It, therefore, seemed logical to 
study the effect of exercise on the blood pressure of hypertensive persons before and after treat- 
ment with methonium compounds. 


METHOD AND CLINICAL MATERIAL 


The blood pressure has been recorded while a quarter of a mile was bicycled on an ergometer 
with one arm supported ona rest. The measurement was made in the usual way by the auscultatory 
method using a Riva-Rocca sphygmomanometer. The subject was first rested, sitting on the bicycle 
till readings were constant, and the blood pressure was then recorded twice during the exercise 
while the work was done at a smart rate, just short of inducing distress of breathing or fatigue. 
Immediately after exercise the blood pressure was taken again and thereafter at one-minute intervals 
until the influence of the exercise on the blood pressure had passed off. 

These studies were conducted upon 30 normal and 45 hypertensive subjects, who were grouped 
as follows. 


(1) Young normal subjects. 

(2) Elderly normal subjects. 

(3) Subjects with benign essential hypertension (mild or moderate). 

(4) Subjects with essential hypertension of severe degree. 

(5) Subjects with essential hypertension modified by hexamethonium bromide. 
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RESULTS 


Young Normal Subjects. All showed a rise of systolic pressure of 10-30 mm. Hg, with no change or a 
slight fall in the diastolic pressure. The blood pressure returned to normal in three or four minutes (Fig. 1). 

Elderly Normal Subjects. All the elderly normal subjects studied were in hospital for minor surgical 
procedures. Generally the response of the blood pressure to exercise was essentially the same as in young 
persons, but in three elderly men it was exaggerated, the blood pressure rising as much as 80 mm. Hg above 
the resting level (Table I). It was found that these three had, in common, a high pulse pressure. In the 
absence of aortic incompetence or lowered peripheral resistance, a high pulse pressure must be due to 
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Fic. 1.*—Figure to show the range of response of the blood pressure to exercise in normal young persons. 

Fic. 2.—Three exercise tests to show the constancy of the blood pressure response to exercise in a case of mild 
hypertension. 

Fic. 3.—Effect of exercise on the blood pressure in a case of severe hypertension. 


TABLE I* 
BLOOD PRESSURE RESPONSE TO EXERCISE TEST IN MEDIAL SCLEROSIS 





Subject | Age | R | DE DE | JAE 











| | | IM | 2M | 3M 
Ci | 65 | 150/60 | 220/60 | 220/60 | 200/60 | 190/60 | 170/60 | 150/60 
C/2 60 | 160/70 | 210/60 | 210/60 | 200/60 | 180/65 | 170/70 160/70 
| | 250/65 | 260/65 260/65 | 250/60 | 220/70 


C/3 67 170/80 | 250/65 





* In all the tables and figures the following symbols have been used: 
R=resting. DE=during exercise. I[AE=immediately after exercise. M-=minute. HMB=hexamethonium bro- 
mide. PVP=polyvinylpyrrolidone. For exercise, sys.=systolic, dias.=diastolic. Figures along abscisse refer to 
blood pressure in mm. Hg. 
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CONTROL OF HYPERTENSION BY HEXAMETHONIUM DURING EXERTION 3 
rigidity of the arteries (as opposed to arteriolar narrowing), and these subjects should therefore be con- 
sidered as examples of medial sclerosis, although they had no other physical signs of this condition. 

Subjects with Benign Essential Hypertension (mild to moderate). \n benign essential hypertension of mild 
or moderate degree, the blood pressure rise on exercise tended to be more pronounced than in normal per- 
sons (Table II). This is illustrated in Fig. 2 which also shows the constancy, for any patient, of the blood 
pressure response to exercise, where the clinical state is unchanged. The readings, in the case illustrated, 
were taken at intervals of a month apart. 


TABLE II 


BLOOD PRESSURE RESPONSE TO EXERCISE TEST BEFORE AND AFTER HMB IN MILD TO MODERATE 
ESSENTIAL HYPERTENSION 





Subject | R | ODE DE IKE =| IM | 2M | 3M 




















| } 
D/I | | | | 
Before HMB 195/105 | 240/110 | 270/110 | 270/110 | 250/110 | 230/110 | 200/105 
After HMB 150/85 | 160/85 | 170/85 | 170/75 | 160/85 | 155/85 145/80 
D/2 | | | | | | | 
Before HMB 170/110 | 210/100 | 210/100 | 210/100 | 180/100 | 160/100 | 160/100 
After HMB 150/100 | — 170/100 170/100 | 180/100 | 160/100 | 150/100 | 150/100 
D/3 | | | | | | 
Before HMB | 190/110 | 240/120 270/130 | 240/120 190/110 | 180/110 | 180/110 
After HMB | 130/70 | 160/80 | 160/80 | 160/85 170/70 160/65 | 140/60 
D/4 | | | 
Before HMB | 190/120 | 230/120 230/120 240/120 220/95 210/95 | 195/110 
After HMB | 170/90 | 180/100 | 180/100 180/100 | 180/100 | 180/100 | 180/100 
| | = | 
Djs | | | | | | 
Before HMB 210/110 | 230/120 | 230/120 230/120 230/120 | 200/110 175/105 
After HMB 160/110 | 170/115 | 180/115 180/115 | 170/110 | 170/110 160/110 
| | | | 








Subjects with Essential Hypertension of Severe Degree. In these cases the pattern of blood pressure 
response to exercise was found to be fundamentally altered. There was either no rise of systolic blood 
pressure on exercise (Fig. 3 and Table III), or in the most severe cases the blood pressure, in fact, fell dur- 
ing exercise with a marked post-exertional hypertension (Fig. 4). These patients were not in heart failure. 























TABLE III 
BLOOD PRESSURE RESPONSE TO EXERCISE TEST BEFORE AND AFTER HMB InN SEVERE ESSENTIAL HYPERTENSION 
Subject R | DE | DE IAE IM | 2M | 3M 

E/I | | | | | 

Before HMB 190/130 180/130 | 180/130 | 190/135 180/130 | 180/130 | 180/130 

After HMB | = 160/120_—s'F7|f 170/120 | 170/120 170/120 150/110 145/110 | 155/115 
E/2 | | | | 

Before HMB 180/110 180/110 | 180/110 | 190/110 | 180/110 | 170/100 | 170/100 

After HMB 130/90 | 130/90 | 155/90 | 155/90 150/90 | 140/90 130/90 
E/3 | | | | | | 

Before HMB 230/140 230/140 | 230/140 | 240/140 | 230/140 | 230/140 | 230/140 

After HMB 180/120 185/120 | 190/110 | 195/110 | 185/110 | 185/120 180/120 
E/4 | | | | | 

Before HMB 200/110 200/120 200/120 200/120 200/120 | 200/120 200/120 

After HMB 150/100 150/100 150/100 150/100 150/100 | 150/100 150/100 
E/5 | 

Before HMB 220/150 230/150 230/150 230/150 230/150 230/140 230/150 

After HMB | 70/50 100/80 100/80 90/70 | 70/50 70/50 70/50 
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Fic. 4.—Blood pressure response to exercise test in two patients, F/1 and F/2: both cases of pre-malignant hyper- 
tension with initial readings of 260/160 and 280/180 respectively. 


Fic. 5 and 6.—Tests to show the blood pressure response to exercise before and after treatment in two cases of 
essential hypertension. X=before treatment. X1I= 45’ after HMB 60 mg. in PVP. Y=before treatment. 
Y1=4 hours after 50 mg. HMB in PVP. Y2= 8 hours after 50 mg. HMB in PVP. 


It will be seen, in Table III, that some of the patients before treatment with hexamethonium bromide 
(E/2 and E/4), had diastolic pressures of only 110 mm. Hg yet they were still classed in the severe group. 
This followed a period of bed rest in hospital, and they were graded as severe on other criteria than the dia- 
stolic blood pressure alone. 

Subjects with Essential Hypertension Modified by Hexamethonium Bromide. Hexamethonium bromide 
has been shown to depress, not only the resting blood pressure, but also, the peak blood pressure figure on 
exercise. The shape of the curve was, however, unchanged (Fig. 5and 6). Ina few subjects a marked post- 
exertional hypotension was noted. It was not related to treatment with hexamethonium bromide, and in 
one case it occurred before, and in another case only after treatment (Fig. 7 and 8). 

With one exception, the pattern of blood pressure response to exercise was unaltered by hexamethonium 
bromide because the peak blood pressures were lowered in relation to the reduction of the resting blood 
pressures. The one exception in which the peak blood pressure on exercise was not suppressed by hexa- 
methonium bromide is shown in Fig. 9. It was seen that, although this patient had essential hypertension 
with a raised diastolic pressure of 110 mm. Hg (before prolonged bed rest in hospital had brought it down to 
90), there was a very high pulse pressure. He had other evidence of medial sclerosis with thickened tortuous 
brachial arteries. It is presumed that the rigid arteries, obviously uninfluenced by a ganglion-blocking 
agent, were responsible for the failure of the peak blood pressure to be lowered by hexamethonium bromide. 


DISCUSSION 
Much work on the relationship of exercise to blood pressure has been done, but it has mainly 
consisted of blood pressure readings taken after, rather than during, exercise. In a standard text- 
book of physiology (Best and Taylor, 1950) it has been assumed, following the work of Cotton er al. 
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(X) (X1) (Y) (Y1) (X) (Xi) 
Fic. 7 Fic. 8 Fic. 9 
Fic. 7 and 8.—Tests to show the effect of exercise on the blood pressure in two cases of benign hypertension and the 


phenomenon of post-exertional hypotension. X=beforetreatment. | X1=24 hours after 50 mg. HMB in PVP. 
Y=before treatment. Y1=3 hours after 50 mg. HMB in PVP. 


Fic. 9.—Test to show the effect of exercise on the blood pressure in a case of medial sclerosis. 
X1=3 hours after 80 mg. HMB in PVP. 
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X=before HMB. 


(1917), that there is a rise of blood pressure during exercise, an immediate post-exertional fall to, 
or below, the resting pressure, followed by a rise to the figure obtaining during exercise and a 
subsequent fall. Cotton ef al. believed that the post-exertional fall was due to the formation of a 
potential unfilled venous reservoir which, until it filled and started to overflow, lowered the blood 
pressure by reducing the venous return to the heart. These workers took readings only after exercise 
(Fig. 10) and the rise in blood pressure to the peak value took place in 40 seconds. In this time they 
recorded the systolic blood pressure 8 times, a feat that we could not emulate. Their results appear 
to be incompatible with our findings. It might be thought (as shown in the dotted part of the 
second curve in Fig. 10) that the fall in blood pressure following exercise and the subsequent rise 
had been missed in the experiments described in this paper. However, since completing this work, 
we find that the changes in blood pressure during exercise have been recorded by the oscillographic 
method with a fine needle inside the brachial artery (Eskildsen er al., 1950), and that the results, 
using this technique in normal and mildly hypertensive subjects, agreed closely with our own find- 
ings. This suggests that the method described in this paper, which had the advantage of simplicity, 
was also reliable. 

In many of the subjects studied under the influence of hexamethonium bromide, the lowering of 
the blood pressure at rest was due solely to postural hypotension; the suppression of the blood 
pressure rise during exercise in these cases was as constant as in those in whom the hexamethonium 
bromide produced a fall in the supine blood pressure. To separate the two hypotensive effects 
during exercise it would be necessary for the patients to bicycle in the horizontal as well as in the 
vertical position. This was not done. 
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We have studied the effect of exercise on the blood pressure and the modification of this effect 
by hexamethonium bromide in this way, because it is impossible to record continuous blood pressure 
readings while a person is about his ordinary day’s work. It has been shown that the blood pressure 
can be controlled with hexamethonium bromide during exercise and it is reasonable to suppose that 
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Fic. 10.—Different patterns of blood pressure response to the exercise test, shown diagram- 
matically. (A) Response to exercise in normal persons according to Cotton et al. 
(B) The response of normal and mildly hypertensive subjects to the exercise test 
described in this paper. (C) Pattern of response in intermediate group with hyper- 
tension. (D) Pattern of response it severe hypertension. (E) Pattern of response in 
pre-malignant hypertension. (Z) Moment of relaxation. Potential unfilled venous 
reservoir. (Z;) Venous reservoir filled. 


an average day’s activity will have no ill-effect on the control of the blood pressure by these drugs. 
This remains true where there is only a postural effect under the influence of hexamethonium bro- 
mide. 

During the course of this study the existence of different patterns of response of the blood pressure 
to exercise became evident. These are summarized in Fig. 10. The different patterns of response 
are clearly related to the severity of the hypertension, but the explanation for this is obscure; it could 
be related to a damaging effect of the hypertension on the vascular tree or on the heart. The response 
to an exercise test in hypertension might be used as an ancillary method of assessing the prognosis. 
We have already some evidence that the type of curve obtained may alter with the worsening or 
improvement of the hypertension. 


SUMMARY 


A study has been made of the effect of exercise on the blood pressure of 30 normal and 45 hyper- 
tensive subjects. A standard distance of a quarter of a mile has been bicycled on an ergometer. In 
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the hypertensive subjects, the effect of exercise while under the influence of hexamethonium bromide 
has also been studied. 

All normal subjects showed a rise of systolic blood pressure during exercise of 10-30 mm. Hg. 

In mild to moderate hypertension there was usually an increased rise of blood pressure during 
exercise. The curve of response flattened out as the degree of hypertension became more severe; 
in the severest cases there was a fall of blood pressure on exertion. 

For each patient there was a constant pattern of response of the blood pressure to exercise, pro- 
viding the clinical state was constant. This pattern remained unchanged under the influence of 
hexamethonium bromide. 

The peak blood pressure on exercise was reduced. In many cases the reduction of the resting 
blood pressure was purely a postural phenomenon; there was an equally definite hypotensive effect 
of hexamethonium bromide in these patients on exercise. The postural effect induced by the 
methonium compounds, far from being an undesirable side-effect, was thus shown to be of major 
importance in the control of the blood pressure by these drugs. 


We gratefully acknowledge all the advice, encouragement, and help we have had in this investigation from Dr. 
K. Shirley Smith. 
We are indebted to Dr. Rosalind Barnes who drew the figures. ° 
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In the treatment of rheumatic fever by rest in bed, one of the most important clinical decisions 
needed is the stage in the recovery process when graded exercise may be safely initiated. Since 
the principle underlying this is the avoidance of extra work by the heart until it is fit again to 
undertake it, and since no direct information is available, we thought it advisable to investigate 
how the heart dealt with the mild degree of extra work entailed in a short period of exercise at 
various stages during the recovery process. The ultimate object was to ascertain the point at 
which the heart showed a normal response to effort. 

The present observations deal with the relation between cardiac output, pulse rate, and oxygen 
consumption, using data obtained by cardiac catheterization. We felt justified in employing this 
method since we had used it earlier to establish the presence or absence of pericardial effusion in 
active cases and had at no time encountered ill-effects, discomfort, or distress. We were first con- 
cerned with the meaning of the tachycardia that has been traditionally accepted as a common 
sign of activity. This earlier work seemed to establish two facts. (1) In active rheumatic carditis 
uncomplicated by gross valve damage, pericardial effusion, or congestive heart failure, tachycardia 
did not appear to be disproportionate to fever and anxiety. (2) Tachycardia induced by means of 
atropine led to an increase of cardiac output which was proportional to the rate, and did not differ in 
degree from controls; the critical rate, beyond which any further increase led to a fall in output, was 
not established, but it could hardly have been less than in controls, for no decrease was observed with 
rates up to 160 (Hollman, 1950). While these investigations were in progress, parallel observations 
were being made on heart size. Using Wocd’s method of demonstrating pericardial effusion by 
means of cardiac catheterization, it was found that enlargement of the heart shadow in active 
rheumatic carditis nearly always depended on some severe valve lesion, congestive heart failure, 
or pericardial effusion (Wood, 1950; Besterman and Thomas, 1953), and rarely occurred otherwise. 
Since the venous pressure and blood pressure were also normal in uncomplicated cases, it looked 
as if the circulation as a whole was not disturbed. It was decided to check this conclusion by 
measuring the effect of effort on the cardiac output itself, and seeing whether cases of rheumatic 
carditis behaved similarly to cases in whom recovery had occurred. 


MATERIAL 


Seventeen patients were investigated, ten with acute rheumatic carditis and seven without. The diag- 
nosis of active rheumatic carditis depended on a raised sedimentation rate and failure to gain weight in 
patients who had recently exhibited polyarthritis, fever, and changing murmurs or pericarditis (Bywaters, 
1950). Six of the ten active cases were suffering from their first attack of rheumatic fever and, apart from 
one with pericardial effusion, none had a raised venous pressure, cardiac enlargement, or severe valve 
lesions. Cortisone or A.C.T.H. had been given to four, and salicylates to one, and all had been treated 
with rest in bed. 

Six of the seven controls had recently recovered from their first attack of acute rheumatic carditis and were 
believed to be inactive at the time of catheterization. Four of them had mild residual valve lesions but the 
other two seemed entirely normal. Three of these patients had been catheterized previously during the 


8 





mé 


ta! 


ees 











THE CARDIAC OUTPUT IN ACUTE RHEUMATIC CARDITIS 9 


active phase of the disease and thus appear in both groups. In order to eliminate possible differences of 
behaviour due to prolonged rest in bed, the inactive patients (with one exception) were catheterized before 
mobilization. The seventh patient differed from the others in that she had had active rheumatism for five 
weeks without demonstrable carditis, and served as a control against the possibility that acute rheumatic 
fever itself might influence the behaviour of the cardiac output at rest or on exercise. 


METHOD 

Routine premedication included quinidine, nembutal or amytal, and penicillin. A number 7, 8, or 9 
nylon catheter, connected to a saline manometer, was used. Mixed venous samples were obtained from the 
main pulmonary artery and were analyzed in a Haldane blood gas apparatus. The oxygen consumption 
was measured by means of a Benedict-Roth spirometer. Since, in several trial cases, the oxygen uptake ob- 
tained by means of the usual nose-clip and mouthpiece was found to be the same as that obtained with the 
use of an anesthetic mask, precautions against leakage were considered adequate. In preliminary tests the 
use of air instead of oxygen for filling the spirometer had no effect on either the oxygen uptake or cardiac 
output; oxygen was used throughout this study. 

It was feared that continuous spirometric tracings might prove too irregular during effort to allow 
accurate estimations of oxygen consumption to be made at precise moments when blood samples were 
withdrawn, but in practice little difficulty was encountered in this respect. The patient exercised with a 
bicycling movement of the legs, the feet driving pedals against an artificial load applied by an adjustable 
friction resistance. The actual load was not calculated, but was adjusted for each patient according to his 
work capacity. The ergometer clipped on to the radiological couch, thus allowing the subject to exercise 
while lying horizontally, and without disturbing the position of the catheter. In the hope of obtaining 
a more or less basal resting cardiac output, initial samples were not taken until at least twenty minutes after 
the pulmonary artery had been catheterized. The patient was then exercised and 5-ml. samples were 
withdrawn after one minute and again after two or three minutes pedalling. Another sample was taken 
three minutes after ceasing exercise, and usually a final one about fifteen minutes later. Serial arterial 
samples before, during, and after exercise were analysed in one typical case of active rheumatic carditis, 
and were all normally saturated with oxygen. In view of this, only a single arterial sample was obtained 
in the others, to make sure there was no unexpected unsaturation. As previously stated, none of these 
patients had heart failure, and none had any other reason to have a lowered arterial oxygen saturation; in 
fact all arterial samples were normal. 


RESULTS 


The behaviour of the cardiac output on effort in each of the seventeen patients is shown indi- 
vidually in Fig. 1, the actual values being presented in the Table. To simplify these results, a 
single composite graph has been constructed for each group in Fig. 2, which also shows composite 
curves for pulse rate and stroke volume. In plotting mean cardiac outputs and pulse rates some 
discretion had to be allowed in respect of the precise time relationship between the samples, for 
these were not identical in each case. Thus mean values plotted at —30 to —11 minutes represent 
all observations made between 30 and 11 minutes before the start of exercise. Subsequent points 
on the graph both before and after exercise similarly represent mean figures computed from observa- 
tions made during the time intervals stated. During effort, mean values for cardiac output and pulse 
rate have been calculated from data obtained after one, two, and three minutes pedalling. 

The pulse rate immediately before exercise was similar in both groups. The mean value was 
87 in those with active carditis and 93 in the controls. The resulting cardiac output was raised 
in all cases, the arterio-venous oxygen difference being low and the oxygen consumption rather 
high. The mean output in those with carditis was lower (9-6 |./min) than in the controls (13-0 
]./min.). The systemic peripheral resistance at rest ranged between 358 and 1160 dynes sec./cm.° 
in those with carditis and between 500 and 770 dynes sec./cm.° in the controls. 

During exertion the mean rise of pulse rate was 24 beats a minute in the cases with active carditis 
and 28 in those without carditis. The mean increase of arterio-venous difference was similar in 
both groups (22-2 ml./l. and 26-5 ml./l. respectively), whereas the mean rise of oxygen uptake during 
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TABLE 
DATA OBTAINED BEFORE AND DURING EXERCISE IN ACTIVE CARDITIS AND IN THE CONTROLS 





| Oxygen 


| 
| 
| 


| 





Peripheral 





| | Venous Cardiac | sesistance Arterial 
Pulse | unsaturation uptake output | dynes | unsaturation 
Initial aoeed ml./1 ml./min. 1./min. lakes | =e. 
and age poco a 
R. E. R. | E. a | @ R. E. | R. | R. 
| | 
| Cases | with Ac\tive Carlditis | 
O.W. 12 100 | 130 | 35-5 560 | 220 | 330 8:8 7:25 | 682 | 10:5 
P.D. 16 58 72 | 37:5 58-0 225 | 390 8-0 7-9 980 9-5 
AS. 13 | 79 | 124 | 380 76-0 230 | 500 7-7 7-35 935 8-0 
TS. 13 | 100 | — | 365 | 440 | 240 | 295 9-1 8-7 | 810 10-0 
T.E. 12 116 | 124 | 41-5 52-0 240 | 340 8-4 | 8-75 790 13-0 
J.B.* 12 90 | 112 | 27-0 50-0 260 | 565 | 145 | 138 358 9-0 
M.W.*11 64 | 104 | 31-0 73-5 186 | 525 81 | 80 720 8-0 
JE.* 12 | 96 | 112 | 220 | 48-0 210 | 560 | 150 | 140 415 8-0 
P.D. 12 128 | 152 | 49:5 69:5 | 213 | 350 5-7 6-1 1160 12:0 
F.T. 12 116 | 132 | 300 | 43:0 | 195 | 310 | 108 10-0 555 12:0 
| | | | 
| | | Clontrol Clases | 
D.G. 15 | 90 | 111 | 255 | | 230 | 5 13-1 18-85 | 672 8-0 
P.B. 11 | 110 | 132 | 310 | 62:5 250 | 770 | 13-5 15-4 516 12:5 
M.W.*11 | 96 | — | 265 | 385 | 210 | 660 | 127 | 23-0 535 10-0 
JB.* 12) | 79 | 111 | 45-0 | 705 | 280 | 1625 8:1 27-0 770 10-5 
SE* 12 | wei — | me 71-75 | 285 | 1100 | 136 | 18-1 500 11-0 
NP. 14 | 100 | 136 | 31-5 | 720 | 290 | 1125 | 143 | 185 | 615 11-0 
J.H. 20 128 | 55:5 330 | 860 13-2 | 183 | 605 8-0 
| 


| 


| 33-0 


| 





* Indicates three cases catheterized twice, during rheumatic activity and during convalescence. 
R=data obtained at rest. E=data obtained during exercise. 
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Fic. 1.—Response of cardiac output to exercise in ten cases of active carditis (group 1) 
and seven control cases (group 2). 











THE CARDIAC OUTPUT IN ACUTE RHEUMATIC CARDITIS Il 


exercise was far greater in the controls (Fig. 3). The mean oxygen consumption rose by 195 ml./min. 
in the cases with active carditis as opposed to a mean increase of 690 ml. in those without 
carditis. The behaviour of the cardiac output was also very different in the two groups. The out- 
put changed but little in the cases with active carditis, but increased significantly during exercise 
in all the controls, including the one patient with acute rheumatic fever without carditis. The 
most severely ill patient in the active group, suffering from pericardial effusion, had the lowest 
cardiac output. The mean change of output on exertion was —0-4 |./min. in the active cases and 
+6-9 |./min. in the controls. Thus the stroke volume diminished considerably during exercise in 
the first group, and increased in the second (Fig. 2). 


TIME GROUPS IN RELATION TO EXERCISE, MINUTES 
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Fic. 2.—Mean values of cardiac output, pulse rate, and Fic. 3.—Effect of exercise on mean 
stroke volume before, during, and after exercise in the oxygen consumption and mean 
cases of active carditis (interrupted line) and in the arterio-venous oxygen difference in 
control group (continuous line). active cases (group |) and controls 
(group 2). 
DISCUSSION 


The increase in oxygen utilization by the tissues during exercise is reflected in a rise of arterio- 
venous oxygen difference, cardiac output, and oxygen uptake from the lungs. Strenuous exertion 
may raise the cardiac output above 30 |./min. in a normal subject. The presence of mild cardiac 
lesions, without failure, does not prevent a rise of output (Dexter, 1951). Anxiety usually increases 
the cardiac output and was probably responsible for the wide range of normal adult resting values 
(4:2 1./min. to 14-8 1./min.), observed by Stead and Warren (1945). In the same study, the resting 
systemic peripheral resistance ranged from 475 to 1580 dynes sec./cm.> If the normal rise of out- 
put cannot occur, as in “ low output” failure, exercise induces an extreme degree of venous un- 
saturation with only a small rise of oxygen uptake. Failure to raise the cardiac output with exer- 
tion has also been reported in cases of anxiety without cardiac lesions (Hickam and Cargill, 1948). 

In the present series, the cardiac output at rest was similar in both active and inactive cases; 
whether the output falls to normal or remains raised in the active cases under truly basal conditions 
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is not known, and the findings described above throw no light on this question. In the cases of 
active carditis, the heart responded to the demands of exercise by an increase of rate. However, the 
stroke volume simultaneously diminished, and no rise of minute output occurred. Thus the cardiac 
reserve must have been reduced, and the level of output in these patients at rest was the maximum 
attainable by them. Had further exertion been allowed it might have induced cardiac decom- 
pensation. Right atrial pressures were not recorded during exercise, but mean pulmonary artery 
pressures showed no change in those cases in which it was measured. It has not been possible to 
correlate the histological findings in rheumatic carditis with this impairment of function, but it 
may be presumed that active rheumatism alters some biochemical or biophysical property of 
heart muscle in a manner that causes the heart to be a less efficient pump. 

The actual amount of work done during exercise was not known, but since the A-V difference 
did not increase more in the cases of active carditis than in the controls, whereas the oxygen con- 
sumption rose far less, it is obvious that the active cases performed less work. It is of interest that 
despite prolonged rest in bed and a recent severe illness, all the control cases showed a normal 
cardiac response to exertion. 


SUMMARY 


The cardiac output at rest, during exercise, and afterwards was measured in ten patients with 
acute rheumatic carditis without heart failure or advanced valve disease, and in seven patients 
after recovery. The output at rest was high in both groups, but was higher in the latter. 

On exertion, the output did not change significantly in the active cases, but rose conspicuously 
in those who had recovered. The active cases performed less work than the others, but sufficient 
to have produced a rise in output if that had been possible. It is concluded that active rheu- 
matic carditis impairs the functional efficiency of the myocardium. 

It should not be concluded that the cardiac output at rest in cases of active rheumatic carditis 
is necessarily set at its maximum level, for truly basal resting conditions could not be attained during 
cardiac catheterization in the patients studied. 


This work was initiated at the suggestion of Dr. Paul Wood, and I am greatly indebted both to him and to Dr. 
Bywaters for subsequent criticism and encouragement. 
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THE VECTORCARDIOGRAM OF MITRAL STENOSIS 
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Right ventricular preponderance and rotation of the heart specially influence the electrocardio- 
gram of mitral stenosis, but it is often difficult to apportion their separate influence. This paper 
describes some of the abnormalities of the vectorcardiogram in mitral stenosis and relates them 
to the clinical and electrocardiographic findings. 

Methods. Twenty patients with mitral stenosis were investigated. None showed clinical evi- 
dence of other valve lesions. A detailed clinical assessment of all cases was made and in some the 
levels of pulmonary artery and right ventricular pressures were determined by cardiac catheteri- 
zation. Electrocardiography included standard limb leads, unipolar limb leads, chest leads V1 to 
V7, and in some patients V4R and V6R. The three plane projections of the spatial vectorcardiogram 
were obtained by the method previously described (Brigden and Shillingford, 1952). Fourteen of 
these patients were being considered for mitral valvotomy; hence most had severe symptoms, small 
hearts, and evidence of pulmonary hypertension. 


RESULTS 


The vectorcardiogram showed a considerable range of abnormality which could be broadly 
related to the clinical state of the patients. No significant abnormality was present in the vector- 
cardiograms obtained from three patients who had no symptoms, no general cardiac enlargement 
(left auricles were slightly large), nor evidence of pulmonary hypertension at rest (Fig. 1A). The 
vectorcardiograms from three patients with severe cardiac failure and great enlargement of the heart 
also showed relatively slight abnormalities (Fig. 1B); the horizontal projection showed a recession 
of the first part so that the whole loop was narrowed in this plane. Right ventricular preponderance 
and rotation were not seen. 

The other 14 patients had evidence of moderate or severe pulmonary hypertension at rest with 
slight to moderate enlargement of the heart without congestive cardiac failure. All of these showed 
abnormalities of the vectorcardiogram and further observations relate to these patients unless 
otherwise stated. Two examples are shown in Fig. 1, C and D. 

The frontal loops showed varying degrees of rotation and deviation to the right; in each a line was 
drawn through zero potential to the most distant point of the loop to represent the greatest vector 
in the frontal plane. Fig. 3 shows these axes for the whole series and it is apparent that those from 
patients in this group show the greatest deviation to the right and the more vertical position. Many 
of the frontal loops in this group show a further abnormality in the deviation of the later part of the 
loop into the right, lower and upper quadrants (Fig. 2F). 

The horizontal projection was always abnormal. The first part of the loop showed a smooth 
curve (up to 0-02-0-03 sec.) but this section was mostly rotated forwards in an anti-clockwise direc- 
tion (Fig. 2H). This first part of the loop is shown in Fig. 4 for each case in the series. It will be 


* This work was completed when one of us (J.P.S.) was in receipt of a Medical Research Council grant. 
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FRONTAL | 


| HORIZONTAL 


— 


NORMAL A 


Fic. 1.—The frontal, sagittal, and horizontal projections of the spatial vectorcardiogram in the normal subject and 
in four cases of mitral stenosis. (A) Case without pulmonary hypertension or cardiac failure. 
congestive cardiac failure and much cardiac enlargement. 
sion and slight to moderate cardiac enlargement. 
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Fic. 2.—The frontal (F), sagittal (S), and 
horizontal (H), QRS and T loops in a 
case of mitral stenosis with pulmonary 
hypertension, showing direction of rota- 
tion (thick arrows) and deviation of the 
loop (thin arrows). 





(C) and (D) Cases with severe pulmonary hyperten- 











Fic. 3.—Diagram to illustrate the axis deviation as 
shown in the frontal loop in 17 patients with 


@ With pulmonary hypertension. 
®@ With congestive cardiac failure. 
) With almost normal hemodynamics. 
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seen that the anti-clockwise rotation particularly affects the pulmonary hypertensive group. As in 
the frontal loop there is a variable pathological deviation to the right of the later part of the loop, in 


addition to the rotation. The smooth curve of the 
first part of the loop was often abruptly changed 
between 0-02-0-03 sec. by this deviation to the 
right and, in a few cases, the greater part of the 
loop was found to lie to the right of the antero- 
posterior iso-electric line. 

These abnormalities affected all the cases with 
pulmonary hypertension in varying degrees; no 
attempt was made to relate the degree of ab- 
normality with the severity of the clinical lesion 
within this group. 

The duration of the ventricular loop, excluding 
the T component, was measured in all cases. No 
case showed an abnormal prolongation of the total 
time taken for inscription of the loop (and this 
included cases that showed RsR complexes in right- 
sided chest leads), and the average total time for 
the whole group was rather less than normal. A 
sharp deviation of the loop in the horizontal plane 
was frequently seen following the short initial 
curve; the duration of these early vectors from the 


iso-electric point to the point of this deviation was measured and varied between 0-015 and 0-03 sec. 
This phase corresponds with the early electrical activity recorded on the electrocardiogram as a 
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Fic. 5.—The horizontal loop from a case of mitral stenosis with pulmonary hypertension together with reconstructed 
chest leads and with V chest leads. 
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FRONT 





BACK 


Fic. 4.—The septal part of the horizontal loops in 16 
patients with mitral stenosis. Anti-clockwise 
rotation is present in most of the cases that 
showed pulmonary hypertension. 


@ Pulmonary hypertension. 
@ Almost normal hemodynamics. 
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small Q wave in left chest leads or a small R in right-sided chest leads generally considered to be the 
result of septal excitation. The time taken from the iso-electric point to the point of maximal devia- 
tion to the right was measured in those cases showing such deviation. This time interval was 
relatively constant, being between 0-05 and 0-055 sec., and was unrelated to any variation in the 
total QRS loop time, which ranged from 0-06 to 0-075 sec. 


THE RELATIONSHIP BETWEEN VECTORCARDIOGRAMS AND ELECTROCARDIOGRAMS 

There was a close relationship between QRS-T complexes reconstructed from the loops and the 
actual complexes recorded on standard bipolar leads and unipolar limb and chest leads. The qualita- 
tive form was very similar in all cases and in all lead positions. When due allowance is made for 
the effects of the inverse square law, the chest leads closely resembled their reconstructed counter- 
parts (Fig. 5). 

All the vectorcardiograms that showed a frontal loop with its largest vector directed more or less 
vertically (i.e. showing a degree of rotation to the right in this plane) also showed related degrees 


V.R. I V.L. 








Fic. 6.—The frontal loop from a patient with mitral stenosis and pulmonary hypertension with parts of reconstructed 
and recorded bipolar and unipolar limb leads. 
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of right axis deviation in the standard limb leads. Frontal vectorcardiograms having some de- 
formity of the returning limb of the loop into the right lower and particularly right upper quadrants 
also showed a tall secondary R wave in lead VR (Fig. 6). These changes of axis deviation and of 
lead VR were most apparent in the patients with pulmonary hypertension and were considered to be 
an expression of right ventricular hypertrophy. 

The chest lead electrocardiograms in these cases tend to show RS complexes well over to the 
left side and this is frequently interpreted as clockwise rotation (when viewed from below). Indeed 
this is considered to be a characteristic of the electrocardiogram of mitral stenosis by some authors. 
However, the horizontal loops of the vectorcardiogram showed that the septal or early part of the 
loop is rotated if anything in an anti-clockwise direction (Fig. 4 and 5) and the rest of the 
loop is deviated in a pathological form to the right side: thus there is no evidence of clock- 
wise rotation in the vectorcardiograms of these cases of mitral stenosis. In spite of this 
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Fic. 7.—The horizontal projection of the vectorcardiogram and corresponding electrocardiograms in 
(1) anti-clockwise rotation, (2) clockwise rotation, (3) right ventricular preponderance, and their 
relationship to the normal. 


apparent paradox, it was found that the correlation of unipolar leads across the chest from 
V6R to V6 with the lead patterns reconstructed from the horizontal loops was remarkably 
close. It seems, therefore, that the RS complexes appearing in the left chest leads and ac- 
companied by a shift to the left of the maximum height of the T wave, and interpreted by some 
is the effect of clockwise rotation, is the result of the pathological deviation of vectors to the right 
side and is quite unrelated to any effect of rotation. Reference to Fig. 7 shows how the same RS 
pattern can be either the result of right ventricular preponderance or clockwise rotation and in this 
series all the patients showing so-called clockwise rotation electrocardiograms were, in fact, those 
showing right ventricular preponderance on the loop. 

These abnormal horizontal loops were redrawn on semi-transparent paper and the point of zero 
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potential applied to the zero of a normal loop by 
rotating the abnormal loop in a clockwise direction 
A until the septal parts were roughly superimposed | 
and the rotation effect was ‘“ corrected.’”” When 
this was done the pattern of right ventricular pre- 
ponderance became more apparent (Fig. 8). 

All of the patients with pulmonary hyperten- 
sion showing pathological right-side deviation of 
the horizontal loop in some degree also showed an 
increase in their positive deflection in right chest 
leads V4R and V6R. The horizontal loops from 
patients having an rSR complex in V1 showed the 
initial vectors directed towards this position and 
later vectors also directed to this position (Fig. 8A 
and 9). In these cases there was also close agree- } 
ment between reconstructed leads and V chest 
leads. 

The T loop showed rotation in a clockwise’ } 
direction associated with the development of right | 
ventricular hypertrophy, thus producing a shift in 
the increase of height of the T waves to the left in | 
conventional leads. This tendency was counter- 
acted in many cases by the anti-clockwise rotation 
of the vectorcardiogram as a whole. 
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FiG. 8.—(A) Horizontal loop from a patient with 
mitral stenosis and severe pulmonary hyperten- 
sion. (B) Loop rotated until septal vectors lie in 7a : 
the position of a normal loop—the greatest vectors DISCUSSION AND CONCLUSIONS 
are now directed to the right side. Dotted loop ae ; : , fem : 
shows the normal pattern. The greatest changes in the vectorcardiogram 

in mitral stenosis were found in cases with pul- 

monary hypertension. There was no relation between the abnormalities of the ventricular vector- ) 


cardiogram and the presence or absence of auricular fibrillation. The determining factor in changing 
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Fic. 9.—Electrocardiogram of the patient whose horizontal vectorcardiogram is shown in Fig. 8. 















































































































































am 
ul- 
Or- 
ing 





THE VECTORCARDIOGRAM OF MITRAL STENOSIS 19 


the shape of the vectorcardiogram, therefore, seemed to be the development of pulmonary hyperten- 
sion and consequent hypertrophy of the right ventricle. 

In all views of the loop the pathological changes showed as a shift or rotation of the whole loop 
and as local deviation of the loop due to preponderance of different parts of the heart at particular 
phases in the cardiac cycle. In the frontal projection the appearance of the loop was similar to that 
produced by pulmonary hypertension from other causes. In this projection the loop tends to rotate 
to a more vertical position, the counterpart of right-axis deviation. In each case, the most ab- 
normal vectorcardiograms from those with pulmonary hypertension were also associated with 
electrocardiograms showing the well-known pattern of an S in lead I and an R in lead III. The 
local deviation of the frontal loop into the right lower and upper quadrants was found in the most 
abnormal loops and was invariably associated with a tall late R wave in lead VR emphasizing the 
importance of this lead in the diagnosis of right ventricular hypertrophy. 

The abnormalities of the horizontal loop also appear to be due to right ventricular hypertrophy 
and rotation. It is generally accepted that the first 0-02 sec. of the QRS represents excitation of the 
ventricular septum. It is thus probable that the early part of the loop (0-02 sec.) is due to the same 
cause, and deviation of this first part of the loop in the horizontal plane may be interpreted as a 
rotation of the plane of the septum and of the electrical field as a whole. A gross deviation of the 
loop from its normal smooth contour after this initial phase may be due to pathological preponder- 
ance of either right or left ventricle. In this series, where pulmonary hypertension was present, the 
rotation of the first segment of the loop was always in an anti-clockwise direction while the altera- 
tions beyond this point showed a deviation of the vector to the right side. It is usually stated from 
an examination of the conventional electrocardiographic leads that clockwise rotation is present in 
mitral stenosis but this impression seems to be incorrect and it is produced by right ventricular 
preponderance combined with the less important effects of anti-clockwise rotation. The cause of 
this rotation is not known but it may be related to the anatomical position of the tense left atruim; 
it is unlikely to be due to a high pressure in the pulmonary artery with consequent unfolding of this 
vessel for in other forms of pulmonary hypertension we have not observed anti-clockwise rotation. 
In some cases the anti-clockwise rotation was so great as to minimize the appearance of right ventri- 
cular preponderance on the conventional electrocardiogram. This effect is shown in Fig. 8A and 9 
where the standard electrocardiogram appeared to show a slight degree of right ventricular hyper- 
trophy without S waves in V7. When the horizontal loop of the vectorcardiogram was studied, 
however, it was seen to show great anti-clockwise rotation which, when “ corrected,” placed the 
bulk of the vectorial forces to the right and reconstructions from this loop show tall R waves in 
right chest leads and S waves in left chest leads. It is well known that the electrocardiographic 
features of right ventricular preponderance are often unimpressive in the routine leads in cases of 
mitral stenosis even when some degree of pulmonary hypertension is known to be present; it seems 
possible that anti-clockwise rotation is responsible for this. 

Unipolar electrocardiograms from the right side of the chest showed a pathological increase in 
R waves in all cases where the horizontal loop was pathological and we consider that V4R or V6R 
should be recorded in cases of suspected right ventricular hypertrophy. CRR leads should not be 
used in these cases since it was found that as the exploring electrode approached the right side (and 
therefore the right arm) there was increasing discrepancy between these patterns and those obtained 
from recorded unipolar leads or those reconstructed from the horizontal loop. In some cases 
showing great anti-clockwise rotation where the first part of the horizontal loop was directed towards 
the V1 position and at the same time the main part of the loop was deviated to the right so 
that a second set of vectors were directed towards the VI position, an rSR pattern was 
oroduced. This pattern represents right ventricular preponderance and differs from that of right 
bundle branch block of the Wilson type (Lasser ef a/., 1951) although the scalar electrocardiograms 
ire similar. 

The time of appearance of the maximum vectors to the right bore a remarkably constant time 
relation to the commencement of the loop in the presence of right-sided preponderance and occurred 









20 SHILLINGFORD AND BRIGDEN 


at a time of 0:05-0:55 sec. from the iso-electric point. This time interval was unrelated to the total 
time of the ventricular loop and its significance is not clear. 

The vectorcardiogram appeared to give a better overall picture of right ventricular hypertrophy 
in mitral stenosis than the conventional electrocardiogram, although nearly as much information 
could be gathered from a study of the standard limb leads and chest leads when these included VR 
and V4R. The advantage contributed by the vectorcardiogram was the clear distinction between 
hypertrophy, rotation, and the different rSR patterns. 


SUMMARY 


Three plane projections of the vectorcardiogram have been drawn in 20 cases of mitral stenosis. 
Those patients with severe pulmonary hypertension and slight to moderate cardiac enlargement 
showed gross abnormalities of the vectorcardiogram due to right heart preponderance. There 
was no evidence of clockwise rotation and the persistent RS pattern found in left chest leads in 
mitral stenosis was due to right heart preponderance. AnrSR pattern in right chest leads was also 
associated with the vectorcardiogram of right heart preponderance. 

The relation between the vectorcardiogram and the electrocardiogram in mitral stenosis has been 
discussed. The vectorcardiogram gives a clearer distinction between the factors of hypertrophy 
and rotation and the different rSR patterns. 
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A pulmonary early systolic sound was investigated in 50 patients. It may be mistaken for split- 
ting of the first heart sound but is loudest in the pulmonary area, and it has been helpful in clinical 
diagnosis. 

Extra sounds in systole were known to Cuffer and Barbillon (1887). Potain (1900) described 
systolic gallop rhythm when the extra sound was loudest in the aortic area in cases of aortic atheroma 
and in typhoid fever, and he attributed this sound to the sudden checking of aortic expansion. 
Wolferth and Margolies (1940) came to the conclusion that this description concerned a rare mid- 
systolic sound. Gallavardin (1913) described late, occasionally mid-systolic, clicking sounds, 
different in quality from the heart sounds, usually loudest at the apex and varying with the phase 
of respiration; he considered them of extracardiac origin and found pleuro-pericardial adhesions 
in three cases. Subsequent authors including Lian and Deparis (1933), Johnston (1938), and Evans 
(1943) confirmed that mid or late systolic clicks were of no significance except in differential diag- 
nosis. An exception is the systolic clicking sound in cases of mediastinal emphysema and left-sided 
pneumothorax (Hamman, 1937; Scadding and Wood, 1939). Mid or late systolic clicks or sounds, 
or “ gallops ” will not be considered in this paper. 

An early systolic sound (claquement protosystolique) was heard and recorded by Lian and his 
collaborators (1937, 1941, 1951) at the pulmonary area in patients with pulmonary stenosis and with 
dilatation of the pulmonary artery, and at the aortic area with aortic valve disease. It had been 
described by Petit (1902). Wolferth and Margolies (1945) stated that they had recently become 
aware of a sound in early systole which they had either overlooked or mistaken for the second com- 
ponent of a split first sound, and attributed it to the opening of the semilunar valves. Arrilaga 
and Taquini (1941) had reported a similar sound in one case of pulmonary stenosis and called it 
the semilunar opening click. 

Method of Investigation. Routine diagnostic cardiac catheterization had been performed in all but 4 
of 50 consecutive patients in whom an obvious early systolic sound was heard in the pulmonary area. A 
larger number of cases without this sound on clinical auscultation but showing some or all of the cardiac 
abnormalities found in the positive group, were used as control cases. The clinical examination in each case 
included special attention to the first sound and to added systolic sounds in the mitral, tricuspid, pulmonary, 
and aortic areas. The intensity of the pulmonary sound was graded from one to four in expiration and in 
inspiration, and in relation to upright and reclining postures. Enlargement of the main pulmonary arc 
(pulmonary trunk and left branch) and of the right pulmonary artery were separately graded from one to 
four by means of teleradiograms in anterior and oblique views. Electrocardiographic evidence of ven- 
tricular hypertrophy was also graded and, to obtain some indication of the degree of ventricular asynchrony, 
the width of the QRS was measured in the widest V chest lead. Pressure tracings were obtained from the 
right ventricle and pulmonary artery with a Sanborn capacitance electromanometer; many records were 
taken at a speed of 50 mm. a second to permit accurate timing. In four cases the catheter failed to enter 
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the pulmonary artery, but in two of these right ventricular pressure tracings were used to determine the pul- 
monary arterial systolic pressure. 

In every case high-frequency phonocardiograms were taken, the low frequencies being attenuated by 
approximately the same proportion as by the stethoscope and human hearing mechanism, so that the graphs 
closely resembled the findings of clinical auscultation (Posener and Trendelenburg, 1929; Rappaport and 
Sprague, 1942). Synchronous high-frequency phonocardiograms (Leatham, 1949, 1952) taken at high speed 
from the mitral, tricuspid, and pulmonary areas were needed to separate the first sound, and its components 
when split, from the added sound. Synchronous carotid traces in ten cases gave a time relation between 
these sounds and the opening of the aortic valve. A crystal microphone was placed directly on the neck, 
thus avoiding delay from air conduction, and a suitable time constant was obtained electrically. Delay in 
pulse wave transmission from the aortic valve to the carotid artery was assumed to be given by the time 
interval from the onset of the aortic component of the second sound to the nadir of the dicrotic notch 
of the carotid tracing. This interval was found to be about the same when calculated from the speed of pulse 
wave transmission of 8-10 metres/sec. given by Wiggers (1949) and averaged 0-03 sec. 

The heart sounds were related to the pressure pulses from the pulmonary artery and the right ventricle 
in 36 patients, and from the left ventricle in 4, by using the same electrocardiogram during catheterization 
and phonocardiography, noting any differences in rate by measuring the preceding R-R interval. In 12 of 
these patients we were able to obtain more precise relationships by taking pressure tracings synchronously 
with phonocardiograms from the pulmonary and mitral areas. The delay in the recording system was esti- 
mated by applying sudden pressure changes through a number eight catheter and the usual connecter, damper, 
and electromanometer to a multi-channel photographic recorder. The sound produced by the onset of the 
pressure change was transmitted instantaneously to another galvanometer on the same recorder. The time 
interval between the two deflections was measured at varying levels of damping which corresponded approxi- 
mately to those used during routine catheterization. With critical damping, as used for most of our right 
ventricular pressure pulses, the delay was found to be from 0-015 to 0-02 sec., and a subtraction of 0-02 sec. 
has been made from all estimations of the time interval between the onset of QRS and the rise of pressure 
in the right ventricle. Additional hydraulic damping was used for the pulmonary artery tracings; the delay 
with damping comparable to that used in the majority of cases was found to be 0-03 sec., and this figure 
has been subtracted from all estimations of the time interval between the onset of QRS and the rise of pressure 
in the pulmonary artery. These corrections can only be approximate since the degree of damping was not 
known in every case. 

Sternal angle level has been taken as the reference point for our pressure measurements, and pulmonary 
hypertension has been defined as a resting pressure exceeding 30/15 mm. Hg. AIll time intervals have been 
measured from the onset of an event, whether QRS (lead II) of the electrocardiogram, heart sound, or pres- 
sure pulse. The onset of the first heart sound was taken at the beginning of its major high-frequency 
components, thus excluding inaudible low-frequency auricular or ventricular components. 


RESULTS 


The pulmonary early systolic sound is high-pitched and often sharp like a click. It is loudest 
in the second and third left intercostal spaces and only transmitted to the mitral area and tricuspid 
area (lower left sternal edge) if very loud. It is louder during sustained expiration, as pointed out 
by Lian and Welti (1937), sometimes almost disappearing in full inspiration (Fig. 1). It is un- 
affected by posture, and has a constant place in the cardiac cycle. It gives the impression of wide 
splitting of the first heart sound, but the second component usually has this different sharper quality, 
suggesting the term pulmonary early systolic click. When the first heart sound is soft or inaudible 
in the pulmonary area the added sound has sometimes been mistaken for a first sound of unusual 
snapping quality in the pulmonary area (Fig. 1); listening between the pulmonary and mitral areas 
both sounds can be heard. Sometimes the extra sound just precedes and is obscured by a pulmonary 
systolic murmur (Fig. 2 and 3), but can again be discerned more plainly one intercostal space lower 
down (Fig. 3). Synchronous high-frequency phonocardiograms from the pulmonary, tricuspid, 
and mitral areas in every case confirmed that the maximum intensity of the extra sound was in the 
pulmonary area and that it was preceded by the first sound at the apex when the latter was poorly 
conducted to the pulmonary area (Fig. 1,2, and 3). The time interval between the onset of the major 
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Fic. 1.—Pulmonary early systolic sound (x) in idiopathic dilatation of the pulmonary artery 
(PA enlargement grade 3, PA pressure 10/5, RV (right ventricular) pressure 25/0 mm. 
Hg). It had been described as a first sound of unusual snapping quality in the pul- 
monary area where the main first sound was inaudible, and was very loud during ex- 
piration (exp.) and soft during inspiration (insp.), as shown in the high-frequency (HF) 
phonocardiogram from the pulmonary area (PA). A synchronous medium frequency 
(MF) recording from the mitral area (MA) shows the main first heart sound (1) 
preceding the pulmonary sound by 0.06 sec. Both sounds could be heard in an 
intermediate area. The time intervals in this and subsequent records are 0-2 and 0-04 
sec. 


high-frequency components of the first heart sound and the onset of the extra pulmonary sound in 
the 50 patients averaged 0-07 sec., ranging from 0-05 to 0-14 sec. except two measurements of 0-02 
to 0-03 sec. in cases without pulmonary hypertension to be discussed later. 

An auricular sound followed by the main first heart sound has sometimes been mistaken for 
the first sound and extra pulmonary sound, but the auricular sound is very low-pitched and both 
these sounds are loudest at the mitral and the tricuspid areas. It may be more difficult to distin- 
guish the pulmonary sound from the second component of a split first heart sound (Table I). The 
time interval between the onset of the two components of the first heart sound in 9 healthy subjects 
ranged from 0-03 to 0-05 sec. and was thus less than between the first sound and the added sound, 
giving the auscultatory impression of a splitting which was narrow rather than wide. Splitting of 
the first heart sound is most obvious at the mitral area and lower left sternal edge rather than the 
pulmonary area (Lian and Welti, 1937; Orias and Braun-Menéndez, 1939; Wolferth and Margolies, 
1940); either component may be abrupt though not clicking in quality. In expiration, splitting 
may be more obvious, but there is no striking accentuation of the second component as with the 
pulmonary early systolic sound. Synchronous phonocardiograms demonstrate the site of maxi- 
mum intensity of the two components of a split first sound to be at the mitral or tricuspid areas 
(Fig. 4). Sometimes this technique can show the separate identity of the pulmonary sound by 


TABLE I 
CLINICAL DIFFERENTIATION OF THE PULMONARY EARLY SYSTOLIC SOUND FROM A SPLIT First SOUND 








ae Se Pulmonary Second component 
Characteristics early systolic sound of split first sound 
Position in early systole Later (wide “* splitting ”’ of first sound) Earlier (narrow splitting of first sound) 
Site of maximum intensity Pulmonary area ay Tricuspid and mitral areas 
Quality High pitched, may be clicking Abrupt 


Expiration Louder Clearer 
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Fic. 2.—Pulmonary early systolic sound immedia- 


tely preceding a pulmonary systolic murmur 
(SM) in severe pulmonary hypertension (PA 
grade 2, PA pressure 90/65, aortic pressure 
95/65 mm. Hg) associated with a ventricular 
septal defect. The onset of the extra sound 
occurs 0-08 sec. after the onset of the major 
components of the first heart sound and 0-05 
sec. after the onset of rise of pressure in the 
pulmonary artery and aorta (estimated from 
indirect carotid tracing, CAR) which in this 
case were synchronous as expected with equal 
or balanced pulmonary and aortic pressures. 








Fic. 3.—Pulmonary early systolic sound immedi- 


ately preceding a pulmonary systolic murmur 
in a similar case of severe pulmonary hyper- 
tension (PA grade 4) associated with a ven- 
tricular septal defect. The extra sound was 
difficult to appreciate in the pulmonary area 
where the first sound was faint and the systolic 
murmur loud, but both sounds could be easily 
heard in the third left space (3LS) and were 
separated by 0:07 sec. The significance of the 
early systolic sound as an auscultatory sign of 
pulmonary hypertension was supported in this 
case by the loudness of the pulmonary com- 





ponent of the second sound (P2) which was 
louder than the aortic component (A2) in the 
pulmonary area and transmitted to the apex 
(MA). 


showing splitting of the first heart sound preceding the extra sound (Fig. 8). In bundle branch 
block the splitting of the first sound may be very wide and in some cases of right bundle branch block 
the later component may be loud (Fig. 5) and occasionally well transmitted to the pulmonary 
area making clinical differentiation difficult or impossible. Synchronous phonocardiograms, 
sometimes even with pressure pulses, may be necessary for differentiation, but only three of our cases 
had a prolongation of QRS beyond 0-10 sec. 

Sounds occurring later in systole must be distinguished from the pulmonary early systolic sound 
because they are seldom of significance. They may be single or multiple and are usually louder at 
the mitral area than at the base; their position in systole may vary from cycle to cycle, especially 
with respiration, occasionally just preceding mid-systole (Fig. 6), but not early enough to be 
associated with the first sound. Thus, they are unlike the pulmonary sound in site, variability, and 
timing. 


CLINICAL SIGNIFICANCE OF THE PULMONARY EARLY SYSTOLIC SOUND 


Of the 50 patients showing this physical sign on clinical auscultation, 44 had pulmonary 
hypertension which was confirmed by cardiac catheterization in all but two. The pulmonary 
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Fic. 4.—Physiological splitting of the Fic. 5.—Splitting of the first sound from right 


main components of the first heart bundle branch block (QRS 0:13 sec.). 
sound (11) is most obvious at the The separation of the two components of 
tricuspid area or lower left sternal the first sound is wide (0-08 sec.) but the 
edge (LSE). The time interval be- second component is very small in the pul- 
tween the onset of each of these monary area, and thus unlike the pulmon- 
two components measures 0-03 sec. ary sound. Right bundle branch block 
which is less than half the usual was suspected clinically from the wide 
interval between the onset of the splitting of the second sound. 

main first sound and the pulmonary 

sound. 








Fic. 6.—Apical systolic clicking sounds (Y) in a healthy patient. 
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hypertension was associated with a shunt from congenital heart disease in nearly half of the patients, 
seven with patent ductus arteriosus, ten with ventricular septal defect, and seven with atrial septal 
defect. There was one case of transposition, three of primary pulmonary hypertension, and the remain- 
ing sixteen had mitral stenosis (Table II). All but three of our patients with pulmonary hypertension 
had obvious enlargement of the pulmonary artery (Fig. 9). The pressure in the pulmonary artery 
was much above normal (average PA diastolic pressure 38 mm. Hg; RV end diastolic 0 mm. Hg) 
and the total pulmonary resistance always more than twice normal, varying from 6-28 units (Wood, 


TABLE II 


THE DIAGNOSIS AND INCIDENCE OF PULMONARY HYPERTENSION AND PULMONARY ARTERY ENLARGEMENT IN 50 PATIENTS 
WITH A PULMONARY EARLY SySTOLIC SOUND 














No. with No. with dilatation 
; ; No. of dilatation of of pulmonary 
Diagnosis aliens pulmonary artery artery without 
oo | oe pulmonary pulmonary 

hypertension * hypertension 
Patent ductus arteriosus 7 7 0 
Ventricular septal defect 10 10 0 
Atrial septal defect .. 9 7 2 
Transposition ee ae ae 1 * 0 
Primary pulmonary hypertension .. 3 Ee 0 
Mitral stenosis - Ra nf 16 16 0 
Pulmonary valve stenosis (slight) .. 1 0 l 
Idiopathic dilatation of pulmonary artery 1 0 1 
Pulmonary incompetence (slight) .. | 0 1 
Normal aly a: a 1 0 0 
Total .. ee 5 of 50 44 5 





_ * Pulmonary hypertension was inferred in the patient with transposition: all the 44 patients except this one had 
dilatation of the pulmonary artery as well as hypertension. 


1952) in the 35 patients in whom it was measured. There was clinical and electrocardiographic 
evidence of right ventricular hypertrophy in all except five, of whom two had complete right bundle 
branch block. 

The diagnoses in our 50 patients are summarized in Table II. 

In the 17 patients with patent ductus arteriosus or ventricular septal defect the pulmonary 
pressure was sufficiently high to balance or reverse the usual left-to-right shunt, thus abolishing or 
diminishing the typical loud continuous or long systolic murmurs, which were replaced by a soft or 
moderately loud pulmonary mid-systolic murmur commencing immediately after the added sound. 
In the three patients without dilatation of the main pulmonary arc, the pulmonary pressure was very 
high; in two of them some dilatation of the pulmonary arc was probably concealed by rotation but 
was suggested indirectly by enlargement of the right main branch in both, and confirmed directly 
by angiocardiography in one of them. The third was found to have transposition of the great 
vessels at necropsy; pulmonary hypertension was assumed but the pulmonary trunk was no larger 
than the aorta. Obvious pulmonary artery enlargement accompanying the pulmonary hypertension 
seems an important factor in production of the sound because it was absent in five control cases 
of patent ductus arteriosus with equally high pulmonary artery pressures and little or no pulmonary 
artery enlargement. In a further seven control cases severe pulmonary hypertension was accom- 
panied by moderate or great dilatation of the pulmonary artery but no extra sound could be heard. 
In all but one there was a loud systolic murmur which might have been expected to obscure the 
sound, though it could be recorded on the phonocardiogram in half of them. In the remaining 
one who had a patent ductus arteriosus the pulmonary artery pressure was equal to the aortic and the 
main pulmonary arc was moderately dilated; the pulmonary systolic murmur was faint yet no 
early systolic sound could be heard or recorded. 
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In the 16 cases with mitral disease the stenosis was usually pure, occasionally accompanied by 
minor degrees of mitral or aortic incompetence. The complicating pulmonary hypertension was 
moderate or severe considering the small pulmonary flow, and the total pulmonary resistance was 
high, averaging 14 units and never less than 6 units. The main pulmonary arc was always enlarged, 
but less than in the previous groups and the pulmonary sound tended to be less loud (Fig. 7). In 
twelve control cases of mitral stenosis without this sound on auscultation there was pulmonary 
hypertension and enlargement of the pulmonary artery of about the same degree; in four of them 
this sound could be recorded (Fig. 8). It has not been heard or recorded by us in cases of mitral 





pire aee 
Fic. 7.—Pulmonary early systolic sound in pul- Fic. 8.—Pulmonary early systolic vibrations (x) 
monary hypertension from mitral stenosis in mitral stenosis not heard as a pulmonary 
with auricular systolic and mitral diastolic sound because of the proximity of a loud late 
murmurs, and an opening snap (OS). PA component of a split first sound (1’) presum- 
enlargement was grade two and PA p. 55/20 ably due to late closure of the mitral valve. 
mm. Hg with pulmonary resistance six units. The earlier component (1) is probably due to 


closure of the tricuspid valve and shows a 
normal relationship to the pulmonary sound. 


stenosis without pulmonary hypertension. Thus, the presence of this added sound in the pulmonary 
area in mitral stenosis indicates a severe degree of pulmonary hypertension, but its absence cannot 
be interpreted as evidence of lower pressures. In mitral stenosis the first heart sound is both loud 
and late (Cossio and Berconsky, !943) and may approach (Fig. 8) or even coincide with the extra 
sound, and this may account for the absence of this physical sign in some cases of mitral stenosis 
with pulmonary hypertension. 

In the remaining six patients there was no evidence of pulmonary hypertension but in five of them 
the pulmonary artery was enlarged. In two the dilatation of the pulmonary artery was secondary 
to atrial septal defect, in two it was idiopathic or secondary to mild pulmonary valvular stenosis, 
in one it was slight and associated with a faint pulmonary diastolic murmur, and in the single remain- 
ing patient it occurred without any evidence of heart disease. The extra sound was not heard or 
recorded in patients with simple patent ductus arteriosus or ventricular septal defect and enlarge- 
ment of the pulmonary artery without pulmonary hypertension. The pulmonary early systolic 
sound was a particularly striking physical sign in the patient with idiopathic dilatation (Fig. | and 
13) and the one with slight pulmonary stenosis; we have seen eight such cases since this series was 
closed. The sound was always loud, especially in expiration, and was particularly obvious since 
the pulmonary systolic murmur was soft. The first sound was difficult to hear at the pulmonary 
area but both sounds could be clearly heard lower down. The second sound in the pulmonary area 





28 LEATHAM AND VOGELPOEL 








Fic. 9.—Great enlargment of the pulmonary 
rai ina patient with severe pulmonary 

* balanced ’’) hypertension associated with Fic. 10.—Dilatation of the pulmonary artery 

; patent ductus arteriosus. There was a (grade 2) secondary to mild pulmonary 


loud pulmonary early systolic sound and valve stenosis (PA pressure 14/7, RV 40/1 
a faint pulmonary diastolic murmur, but mm. Hg). There was a loud pulmonary 
no loud systolic or continuous murmurs. early systolic sound. 


was widely split into a clear earlier aortic component and a soft later pulmonary component. There 
was no clinical or electrocardiographic evidence of right ventricular hypertrophy; X-ray showed 
moderate dilatation of the pulmonary arc but not of its branches, and the heart was small or normal 
in size (Fig. 10). A diagnosis of mild pulmonary valve stenosis had been made in both these cases 
by finding an increase of systolic pressure on withdrawing the catheter from the pulmonary artery 
into the right ventricle. The right ventricular systolic pressure was not raised in one of them (Fig. 
1), and it has been suggested that this means idiopathic congenital dilatation of the pulmonary 
artery without stenosis despite the systolic pressure difference across the valve (Greene et al., 1949). 
Although recorded in one case, the extra sound was never heard in severe pulmonary stenosis with 
a dilated pulmonary artery, and this will be discussed later. 

The pulmonary sound tended to be earlier in systole in the six patients without pulmonary 
hypertension averaging 0-04 sec. (range 0-02 to 0-06 sec.) after the onset of the first sound—the figure 
for 44 patients with pulmonary hypertension averaging more than 0-07 sec. (range 0-05 to 0-14). 

An aortic early systolic sound (claquement aortique protosystolique) was described by Lian 
(1937, 1941, 1951) in cases of aortic stenosis and aortic incompetence. Wolferth and Margolies 
(1945) described this sound in cases of hypertension and aortic aneurysm as the aortic semilunar 
opening click because they thought it took place 0-01 to 0-02 sec. before the primary carotid oscilla- 
tion and about the time when they expected ejection to take place. We have recorded this sound in 
10 patients of whom three had coarctation of the aorta (Fig. 11), three aortic stenosis (Fig. 12), 
two aortic incompetence, and two aortic sclerosis; the ascending aorta was prominent on X-ray 
in all. The time interval between the onset of the first heart sound and the added sound averaged 
0-06 sec., ranging from 0-04 to 0-08 sec., making this sound comparable in timing to the pulmonary 
sound. Indirect carotid tracings showed that the rise of pressure in the carotid artery preceded 
the aortic sound (Fig. 11) and, after making the subtraction for delay of pulse wave transmission, 
suggested that the rise of pressure in the aorta at the opening of the aortic valve preceded the extra 
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Fic. 11.—Aortic early systolic sound (x) in coarctation of Fic. 12.—Aortic early systolic vibrations (x, 
the aorta, occurring after the upstroke of the indirect inaudible) preceding the aortic systolic 
carotid tracing and 0-03 sec. after the estimated time murmur in aortic stenosis. 


of aortic ejection. 


sound by 0-03 to 0-05 sec. This sound is easily heard (Fig. 11) except when starting a loud systolic 
murmur as in aortic stenosis (Fig. 12), is not much augmented in the expiratory phase of respiration, 
and is less sharp in quality than its pulmonary counterpart. It is very widely transmitted to all 
areas, and is often most obvious at the apex making it more easily confused with splitting of the 
first heart sound. So far we have found it of much less use as a physical sign. 


THE RELATION OF THE PULMONARY EARLY SYSTOLIC SOUND TO OTHER EVENTS IN THE CARDIAC 
CYCLE 

Time intervals obtained from the 44 patients with pulmonary hypertension and a pulmonary 
early systolic sound are summarized in Table III. Figures for the remaining 6 patients without 
pulmonary hypertension are not given because the data was insufficient. The interval between Q 
and the onset of rise of pressure in the right ventricle (Q-RV) averaged 0-06 sec., and was slightly 
shorter than the intervals found by Coblentz er al. (1949) of 0-075 sec. in 30 adults with essentially 
normal circulations, and of 0-073 sec. in 13 patients with elevated right heart pressures. The interval 
between Q and the onset of rise of pressure in the left ventricle averaged 0-06 sec. in four patients. 
The interval between Q and the onset of rise of pressure in the pulmonary artery (Q—PA) averaged 
0-11 sec. The Q-PA interval in the 13 cases with pulmonary hypertension studied by Coblentz 
et al. (1949) was 0-96 sec. giving an isometric (RV—PA) time of 0-023 sec. The average isometric 
time in the present investigation was 0-05 sec., but the right ventricle was working against a higher 
pressure, averaging 38 mm. Hg instead of 25 mm. Hg. The average time interval between Q and 
the onset of rise of pressure in the carotid tracing in 10 patients was 0-12 sec., and after subtracting 
the delay in pulse transmission, the time interval between Q and the onset of rise of pressure in the 
aorta was estimated to average 0-09 sec. The interval between Q and the onset of the major 
high-frequency components of the first heart sound averaged 0-07 sec. Thus, the onset of rise of 
pressure in the ventricles was about synchronous with the main first heart sound (Fig. 13 and 14). 
The interval between Q and the onset of the pulmonary early systolic sound was 0-14 sec. Since 
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Fic. 13.—The relation of the right ventricular pressure pulse (RV) to the first 
heart sound and pulmonary early systolic sound in a patient with idio- 
pathic dilatation of the pulmonary artery (PA grade 3, PA pressure 10/7, 
RV pressure 16/0 mm. Hg) not in this series. The first heart sound is 
approximately coincident with the rise of pressure in an under-damped 


tracing from the right ventricle. 


The extra sound cccurs 0:06 sec. later 


showing that it has no connection with closing of the tricuspid valve. 





Fic. 14.—The relation of the right ventricular pressure 


pulse to the first heart sound and pulmonary 
early systolic sound in a case of pulmonary hyper- 
tension with atrial septal defect (PA pressure 
100/45 mm. Hg, PA enlargement grade 3). The 
extra sound is 0-09 sec. after the onset of the 
first heart sound and rise of pressure in the right 
ventricle. 
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Fic. 15.—The relation of the pulmonary arterial 


pressure pulse (PA) to the pulmonary early sys- 
tolic sound in the same case as Fig. 14. The extra 
sound is 0:05 sec. after the rise of pressure in the 
pulmonary artery at the opening of the pulmonary 
valve (estimated delay of 0-03 sec. has been 
subtracted). 
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TABLE III 


THE RELATION OF THE PULMONARY EARLY SYSTOLIC SOUND TO OTHER EVENTS IN THE CARDIAC CYCLE IN 44 PATIENTS 
WITH PULMONARY HYPERTENSION 








: Average duration in No. of 
Interval seconds * (range) patients 
Q-RV or a - 0-06 (0:04-0:10) 35 
(QRS 0-10 sec. or less) 
Q-LV .. se ae a 0-05 (0-05-0-08) 4 
Q-PA .. ie i oc, 0-11 (0:08-0:16) 34 
RV-PA be oi a 0:05 34 
(RV isometric time) 
Q-Carotid 0-12 (0:10-0:15) 10 
Q-Aorta 0-09 (0:08-0:11) 10 
(calculated) 
Q-Ist sound .. a os 0-07 (0:04-0:10) 44 
Q-Pulmonary sound. . a 0-14 (0-10-0-19) 44 
Ist sound—Pulmonary sound 0-07 (0:05-0:14) 44 





* The estimated delay in our pressure pulse recording system has been subtracted. 


the Q-PA interval averaged 0-11 sec. the extra sound was estimated to be later than the rise of pres- 
sure in the pulmonary artery at the opening of the pulmonary valve (Fig. 15) by an average of 
0-03 sec. 


DISCUSSION 


An early systolic sound, usually of high-pitch and clicking quality, heard in the pulmonary area 
and louder in expiration, strongly suggests dilatation of the pulmonary artery generally accompanied 
by pulmonary hypertension. 

The basal site and relative lateness of the pulmonary sound made it more likely to be associated 
with the ejection phase than with the earlier major components of the first heart sound which take 
place during the isometric contraction phase of the ventricles (Wiggers and Dean, 1917) and are 
thought to be caused by closure of the tricuspid and mitral valves (Dock, 1933). The results of the 
present investigation confirm that the major components of the first heart sound occurred almost 
simultaneously with the onset of the rise of pressure in the right ventricle, and the expected time of 
closure of the tricuspid valve. Approximate synchrony between the major components of the first 
sound and the onset of rise of pressure in the left ventricle, and the expected time of closure of the 
mitral valve, could be shown in four patients, and calculated from the carotid tracings in another 
eight. The added pulmonary sound occurred 0-07 sec. later and was therefore not related to closure 
of the tricuspid or mitral valve. This confirmed the clinical impression that the pulmonary early 
systolic sound was not related to splitting of the first heart sound which is generally thought to be 
due to slight asynchrony of tricuspid and mitral valve closure. 

Pressure pulses from the pulmonary artery showed that the pulmonary early systolic sound 
occurred during ejection about 0-03 sec. after the opening of the pulmonary valve, and a similar 
timing has been found for the aortic sound in relation to the carotid pulse. This suggests that these 
ejection sounds are related to sudden distension of the great vessels. Ejection vibrations have been 
recorded directly by Wiggers and Dean (1917) from the aorta and pulmonary artery of normal 
dogs, and indirectly by Orias and Braun-Menéndez (1939) from the base of the heart in normal 
subjects. These vibrations, inaudible in the normal subject, might become audible if the vessels 
approximated to the chest wall, if their intensity was augmented, or if the interval separating them 
from the major components of the first sound was increased. Conditions were present in the group 
of cases under investigation that might be expected to render these vibrations audible as an extra 
sound. Thus, dilatation of the pulmonary artery, present in all patients except two, would bring 
the vibrations nearer to the chest wall and may have been the major factor in the production of an 
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added sound in those without pulmonary hypertension. In the patients with pulmonary hyper- 
tension increased intensity of ejection vibrations may have been caused by the high pressure and 
increased vascular resistance; prolonged isometric contraction and delayed ejection would be ex- 
pected to cause greater separation of the major components of the first sound from the ejection 
vibrations, and there was a longer time interval between the first sound and the pulmonary sound. 
Conversely, earlier ejection from shortened isometric contraction due to low pulmonary artery 
pressure would be expected to make an ejection sound too early to be separated from the main com- 
ponents of the first heart sound. This may explain the fact that we have not heard an extra pul- 
monary sound in any patient with severe pulmonary stenosis and dilatation of the pulmonary 
artery, and have only once recorded it. We have often noticed in these cases a loud clicking first 
heart sound at the base which might be ascribed to superimposition of a pulmonary sound on the 
major components of the first sound. 

Since the first heart sound is related to the onset of rise of pressure in the right ventricle, and the 
pulmonary sound closely follows the opening of the pulmonary valve, the time interval between these 
two sounds is a clinical indication of the duration of the isometric contraction of the right ventricle. 


SUMMARY AND CONCLUSIONS 


An early systolic sound in the pulmonary area has been investigated in 50 patients. This sound 
had usually been mistaken for the second component of a widely split first heart sound. 

In 44 of these patients pulmonary hypertension was present, and was associated with enlargement 
of the pulmonary artery in all except one. Of the 6 patients without pulmonary hypertension five 
showed enlargement of the pulmonary artery and one was healthy. 

The added sound was louder during expiration, and was high-pitched and sharp in character; 
often it could be described as a pulmonary early systolic click (claquement protosystolique). Unlike 
splitting of the first heart sound it was louder in the second and third left intercostal spaces than in 
the mitral and tricuspid areas. 

The major high-frequency components of the first heart sound were confirmed to occur at the 
onset of rise of pressure in the right ventricle while the pulmonary sound occurred during ejection, 
shortly after the opening of the pulmonary valves. The interval between the first sound and 
the pulmonary sound was thus a measure of the isometric time of the right ventricle and was pro- 
longed in the patients with pulmonary hypertension. 

The pulmonary early systolic sound is a valuable clinical sign of enlargement of the pulmonary 
artery, usually in association with pulmonary hypertension. 


We are very grateful to the physicians of the National Heart Hospital, and particularly to Dr. William Evans and 
Sir John Parkinson, for much encouragement and for permission to study their cases. We are also indebted to the 
technical staff of the Institute of Cardiology, especially Mr. J. C. B. Norman, for technical help. 
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Although much work has been done on arterio-venous fistulz in the greater circulation, it is only 
within recent years that the importance of similar lesions affecting the pulmonary circuit has come 
to be recognized. While only four such cases had been reported in 1942, there are now nearly 
50 recorded. The present communication adds two further cases, with features not previously 
described. 


CLINICAL ASPECTS 


As would be expected, the lesion is recognized in young to early middle life. The patient tends 
to be frail rather than robust, though there are exceptions to this, and there is no physical retarda- 
tion. Clubbing of the fingers is frequently present, and telangiectases or hemangiomata may be 
present in the skin or mucous membranes. The most common presenting symptoms are cyanosis, 
which sometimes dates from soon after birth, and dyspnoea; both tend to be progressive. Attacks 
of faintness, convulsions, or vertigo may be complained of, and epistaxis or hemoptysis is common. 
Headache, cough, or venous thrombosis may be encountered. 

The heart and blood pressure are within normal limits, and the circulation time is unaltered or 
slightly increased. Changes in the blood depend on the size of the shunt, but there is usually 
polycythemia, increased blood volume, and diminished oxygen saturation. Cardiograms may show 
slight right axis deviation. 

The lungs may be apparently normal unless the aneurysm is superficial and large, when a murmur 
may be heard over it. This is a very valuable sign occurring in about half the cases. The vital 
capacity is normal. Commonly the X-ray will show an irregular shadow, sometimes pulsatile; 
tomography or angiography yields valuable additional data. If the fistula is at the pulmonary bases, 
it may not be easily defined radiologically, as the cupola of the diaphragm or the heart shadow can 
obscure it. It should not be forgotten that there may be multiple fistule present. 

The differential diagnosis lies between cyanotic congenital cardiac disease, polycythemia rubra 
vera, bronchiectasis, and pulmonary tuberculosis. Treatment, if indicated, is surgical, pneumo- 
nectomy or lobectomy being the operation of choice. 


Case 1. W.G.,aman, aged 35 years (Dr. D. C. Wilson’s patient). He was one of identical twins, his 
brother being healthy. He complained of having been “* blue in the face ” for his whole life, and of breath- 
lessness on exertion. He was able to carry out heavy work as a cattleman, such as stacking 14-cwt. bags. 
He had been in hospitals in 1937 and 1944 complaining of hemoptysis, and had a further hemoptysis prior 
to admission. There was no history of fits. 

On admission he was a well-built man, showing marked cyanosis and clubbing of the fingers and toes. 
There was no distension of neck veins, nor evidence of cardiac enlargement. The heart sounds were closed, 
the second mitral and pulmonic sounds being accentuated. The rhythm was regular, and blood pressure 
was 120/90. His chest showed poor expansion but no gross physical signs. Clinical examination was 
otherwise normal. There were no superficial telangiectases. 
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The urine was normal. Blood count showed red cells 7,510,000; white cells 9,250; haemoglobin 147 per 





cent. The sputum did not contain tubercle bacilli. X-ray revealed the lung fields to be hyperemic. There 
was healed tuberculous infection in the right upper lobe with slight mediastinal displacement to the right. 
The heart shadow was within normal limits. The cardiogram showed slight left heart strain but no 
{ cardiac arrhythmia was demonstrated. 
The combination of the history and findings suggested the diagnosis of pulmonary arterio-venous fistula, 
and he was transferred to the care of Mr. F. J. S. Gowar. Bronchoscopy showed the cords, carina, and 
bronchial tree to be normal. Angiocardiography showed the upper part of the right upper lung field to 
i be relatively anemic, and the vessels distorted. The lower branches of the right pulmonary artery were 
larger than those on the left, and there was simultaneous filling of large tributaries of the inferior pulmonary 
vein (Fig. 1). Lateral radiographs localized the lesions to the anterior part of the lower lobe of the right 
lung. 

At operation (right lower lobe lobectomy), an indurated mass the size of a walnut lay in the apex of the 
lower lobe, and dilated vascular channels radiated towards its lower border. There was no thrill palpable. 
The pulmonary artery was large, and the basal and middle lobe arteries notably large. Examination of the 
resected lobe after operation showed the condition to be much more diffuse than had appeared; it was more a 


ly . diffuse angiomatous condition than a localized aneurysm. 
le Following a stormy convalescence, the patient appeared well, and within 3 months the blood count was 
ly normal, and his clinical condition excellent. About 5 months later, however, there was slight recurrence of 


cyanosis and his blood count showed red cells 6,200,000 and hemoglobin 140 per cent. A further angio- 
gram was carried out, and the appearances strongly suggested that other vascular abnormalities were 
present in the base of the left lower lobe. 

This case is one of multiple pulmonary arterio-venous fistule occurring in a man who is one of identical 
twins; there is no evidence of congenital abnormality in the brother. 
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i Fic. 1.—Angiocardiogram in Case 1. Fic. 2.—Medial aspect of left lower lobe in Case 2. 
Multiple communicating channels enter the large 
; main trunk which extends to the inferior pulmonary 
MS vein at the hilum. 
h- 
3S. 
or Case 2. This boy, aged 13 years, was admitted with a history of having had a fit during the early 
norning. He had apparently cried out, vomited, and become unconscious. 
°S. a On admission he had recovered consciousness. He was a tall, slim, but well-developed boy, who had 
d, previously been healthy and played games in common with his schoolmates. Cerebration was normal but 
re he had amnesia for the events of the morning. He showed no cyanosis, and there were no telangiectases or 
as 3 hemangiomata detected. The pulse was irregular, rate 86 a minute. The heart was not enlarged, and the 


heart sounds were closed. Posteriorly on the left, at the angle of the scapula systolic and short diastolic 
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murmurs could be heard, limited to an area about the size of a penny. Blood pressure was 100/40. Neuro- 
logical and general examination revealed no other abnormality. 

The urine showed a trace of albumin. Blood count showed red cells 5,630,000; white cells 11,700; heemo- 
globin 112 per cent. X-ray showed no abnormality of heart or lungs. The electrocardiogram showed a 
sinus irregularity with a wandering pacemaker. Other investigations including glucose tolerance test and 
lumbar puncture yielded results within normal limits. The cardiac irregularity was not significantly altered 
by exercise, carotid pressure, adrenalin, or atropine. 

Further fits occurred at irregular intervals, on each occasion in the early hours of the morning. It was 
difficult to obtain an exact picture of the fits until one took place in the presence of a member of the medical 
staff, when it was recognized as a typical Stokes-Adams attack. He was transferred to a cardiac unit for 
further investigation, but before this could be carried out he developed an attack in which the heart and 
respiration stopped and failed to start again in spite of active therapy. 

At autopsy (Dr. D. McClure) the pleural cavities were normal and free from adhesions. The lungs 
(right 565 g.; left 380 g.) were normal in size and shape, and showed no inflammatory reaction or oedema. 
Posteriorly at the margin of the left lower lobe were a group of bullous projections. These, on section, 
represented a plexiform mass of greatly dilated venous channels from which a large main trunk extended 
up to, and communicated directly with the inferior pulmonary vein at the left hilum (Fig. 2). A smaller 
similar mass was present on the medial anterior margin of the left upper lobe. The heart (270 g.) showed no 
valvular, myocardial, or coronary lesion, and no evidence of congenital anomaly. 

The brain (1890 g.) was normal both externally and on section. The abdominal organs were healthy. 

Although the provisional diagnosis made was correct, the position was initially obscure, the main clinical 
difficulty being the diagnosis of the fits. Once their nature was appreciated—namely that they were not of 
neurological origin, but Stokes-Adams attacks with ventricular arrest—the course to be adopted was clear. 
The child unfortunately died in an attack before the necessary specialized investigation could be undertaken. 


DISCUSSION 


Congenital fistule are not true tumours, but developmental malformations—hamartomata. 
This name was introduced by Albrecht (1904), and applies to tumour-like malformations consisting 
of an abnormal mixture of normal components of an organ, either in quantity, arrangement, degree 
of differentation, or all three. In the fistula the fusion of venous and arterial septa is incomplete, 
and essentially one vascular cavity is present. Similar lesions are encountered in animals (Willis, 
1948). 

Variable embryonic differentiation probably accounts for the complexity of the final structure 
(Thompson and Shafer, 1951). The blood vessels in the embryo develop in capillary sheets or nets, 
and Sabin (1922) points out that individual vessels can change their functional character, serving as 
artery, vein, or capillary, as tissue needs alter. No indication of the later pattern of vessels is obtained 
until the capillary net develops to a retiform stage, in which the vascular tubes show island formation, 
coalescence, and fusion, leading to the formation of a definite stem. The type of vascular anomaly 
produced would depend on the stage at which embryological arrest occurred (de Takata, 1932). 
Barnes et al. (1948) have described the distension in the fistula, the hyperplastic defects in the arteries, 
and fibro-elastic thickening of the walls of the venous loculi, and microscopic examination in Case 
2 confirmed their findings. It appears likely that the actual arterio-venous communication may not 
develop until after birth. Progressive expansion leads to enlargement of the lesion, with compression 
of the lung. It has been suggested (Brink, 1950) that the pulmonary lesions represent manifesta- 
tions of hereditary telangiectasia, but this view is not generally accepted. 


HAMODYNAMICS 


The effects on the circulation when an arterio-venous fistula is present in the pulmonary circuit 
differ from those produced by a systemic fistula. 

In the systemic fistula there is an increase in the total blood volume with a proportionate increase 
in plasma volume and red cells; the hematocrit reading is essentially normal. In the pulmonary 
fistula the red cell mass and total blood volume are increased while the plasma volume is normal, 
and the hematocrit reading is therefore increased (Holman, 1937). Peripheral vasodilatation may 
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accompany the increase in blood volume (Barnes ef a/., 1948), and this may account for the clubbing 
and the fact that the blood pressure is not raised in spite of the increased volume. 

The oxyhemoglobin saturation is normal in the systemic fistula, but decreased in the pulmonary 
(Maier et al., 1948). 

The cardiac output is increased in the systemic fistula, sometimes greatly so; and the increase 
bears some relationship to the size of the communication. The right auricular pressure and heart 
rate are slightly increased (Cohen ef al., 1948), and there may be cardiac enlargement mainly due to 
dilatation. Cardiac output is normal in the pulmonary fistula, and there is no enlargement. 

In pulmonary arterio-venous fistula a proportion of venous blood from the pulmonary artery 
is shunted to the pulmonary vein without passage through the lung capillaries; venous blood returns 
to the left side of the heart to mix with arterial blood of the systemic circuit, giving rise to cyanosis, 
dyspnoea, and compensatory polycythemia. The lung has a dual blood supply from pulmonary 
and bronchial systems, and either or both systems may communicate with the fistula. The part 
played by each varies; if cyanosis, clubbing, and polycythemia are present the pulmonary artery 
and vein are undoubtedly involved. In the absence of cyanosis and polycythemia, the bronchial 
arteries probably play the prominent part in supplying blood, and the presence of a murmur may 
also suggest this. It is probable that in Case 2 the arterial supply came from the systemic arteries 
(probably bronchial) though, unfortunately, these were not demonstrated in the course of the 
autopsy; it is likely, however, in view of the high pulse pressure and the absence of cyanosis or 
polycythemia. In Case 1, on the other hand, the arterial supply was probably from the pulmonary 
artery. In Case 2 there was no demonstrable abnormality of the coronary system, and no evidence 
of embolic phenomena in the brain. 

Cyanosis. The shunt allows venous blood to penetrate to the systemic circulation, and the 
compensatory polycythemia is reflected in the large amount of reduced hemoglobin in the blood. 

Dyspnea. The dyspnoea develops later than the cyanosis, and is incapacitating and progressive. 
It is not due to pulmonary congestion, but may be related to stimulation of the respiratory centre 
by the high CO, content of the arterial blood (Maier et al., 1948), or to stimulation of the sino- 
aortic chemoreceptors by the anoxemia present (Hepburn et al., 1942). 


Faintness. Anoxemia is usually held to be responsible for the attacks of transient faintness, 
vertigo, or convulsions that may occur, on the analogy of congenital heart disease. The suggestion 
has been made that cerebral air embolism may take place (Lindgren, 1946), but there is no evidence 
to support this. It has also been put forward that small venous thromboses may occur in the 
cerebral tissues because of the high specific gravity of the blood, but again there is no convincing 
evidence. No abnormality was found on macroscopic or microscopic examination of the brain 
of Case 2. 

Another possible mechanism which has been suggested (Peel, 1952) is that the attacks may be 
due to some kind of “ shunt ” mechanism in the lungs, whereby blood could be directed past the 
venous dilatations, or allowed into them; if such a shunt suddenly opened so as to allow the venous 
channels to fill, they would absorb a good deal of the right ventricular output for a few seconds, with 


consequent fall in the return to the left ventricle and transient coronary ischemia. 


On the other hand, Case 2 shows clear evidence of abnormality of cardiac rhythm (gross sinus 
irrhythmia with nodal escape), and his fits were Stokes-Adams attacks. These were presumably 
‘elated to a series of cardiac arrhythmias with a shifting pace-maker. Some of the cardiograms 
howed inverted T waves of a type not infrequently seen after attacks of paroxysmal tachycardia 
McMichael, 1951). No organic lesion was demonstrable in the heart at autopsy. 


SUMMARY 
Two cases of pulmonary arterio-venous fistula are reported. Of these, one occurred in a member 
f identical twins; the second showed clear evidence of disturbance of cardiac rhythm. The 
‘linical and pathological picture is discussed briefly. 
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The diagnosis of mitral incompetence, either alone or in association with mitral stenosis, often 
presents difficulties. In the present study an attempt has been made to provide a graphic method 
of confirming the diagnosis. Abnormal auricular filling consequent on reflux from the ventricle 
might be expected to produce abnormal movements of the contiguous portion of the esophagus 
and to result in an cesophageal pulse record demonstrably different from the normal. 

Previous studies, however, have yielded conflicting opinions as to the diagnostic value of ceso- 
phageal pulse records. Rautenberg (1907), Lian (1909), Janowski (1910), Edens (1910), and Bard 
(1912) concluded that there was no curve characteristic of mitral incompetence. On the other 
hand Taquini (1937 and 1940) and Puddu and Sibilia (1942) described an abnormal short positive 
systolic wave which they considered diagnostic of the condition. Lasser ef al. (1952) stated that 
characteristic curves were produced by each of three conditions, namely pure mitral incompetence, 
pure mitral stenosis, and mitral stenosis with incompetence. The methods of previous investigators 
have usually included the use of an cesophageal sound of 5 mm. or more internal diameter and the 
recording of the jugular phlebogram as a reference tracing. The former may have caused Lewis 
(1925) and others in this country to conclude that the procedure was impracticable in clinical 
medicine, while the variability and time lag of the latter may have been the cause of the difficulty 
in distinguishing normal from abnormal curves. The problem has, therefore, been re-examined 
using a different technique. 


METHOD 

The passage of a Ryle’s tube is generally con- 
sidered to be a trivial procedure. Such a tube was 
adapted in the manner shown in Fig. | to permit 
the simultaneous registration of the cesophageal 
pulse and electrocardiogram. The tube was gradu- 
ated in centimetres and its tip was replaced by 
a 2 cm. length of soft rubber tubing (Dunhill’s | el oe 
thyroid drainage tubing) sealed at its end. The ; ——— 
tubing was easily compressible and its lumen com- 
municated with a tambour on which was mounted 
1 needle moving in the electrocardiograph beam. 
The overall lag of this system was found to be iii il hii 
about 0-01 sec. Pressure on the tip resulted in an 7| 8 9 ip 1 | ik 
upward deflection in the record. 


An cesophageal electrode consisting of a Ger- 3 4 
man silver band was mounted immediately above lif mT mln’ 
the soft rubber tubing. Its wire passed throug 
he lumen of the Ryle’s tube to the electrocardio- 
graph. The electrode enabled the position of the : 
tip to be seen at fluoroscopy. The presence of Fic. 1.—The modified Ryle’s tube. 
* Now at the British Postgraduate Medical School, London. 
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a P wave showing an intrinsicoid deflection in the finished record confirmed that the latter had been 
made at an auricular level (Brown, 1936) and served as a reference tracing for auricular systole. 
A phonocardiogram recorded electrically from the chest wall was chosen as the most direct indicator 
of mechanical ventricular events. 

Procedure. The tube is passed to its full length and then withdrawn under fluoroscopic control. The 
levels at which the electrode reaches the diaphragm, lower and upper portions of the auricle, and aortic arch 
are noted. The tube is passed once more to its full length and records are made at I-cm. intervals from the 
level of the diaphragm to the upper limit of the auricle and then at 2-cm. intervals until the aortic arch is 
reached. 


MATERIAL 
In all 119 subjects were studied. There were nearly equal numbers of patients with and without 
mitral valve disease, the latter serving as controls. Congestive failure was present in only one case. 

A complete cardiological examination, including fluoroscopy and a nine or twelve lead electro- 

cardiogram, served as the basis for the following grouping. 

Group I. Consisted of 27 normal subjects. 

Group II. Thirteen patients who had left ventricular hypertrophy due either to hypertensive 
heart disease or to aortic valve disease. 

Group III. Fifteen patients who had auricular fibrillation. 
tion, and the remainder had hypertensive heart disease. 
tensive heart disease and chronic congestive failure. 

Group IV. Nine patients who were thought to have innocent apical systolic murmurs. They presented 
no cardiac abnormality other than a systolic murmur of Grade I or II intensity (Levine, 1933). 

Group V. Fourteen patients with sinus rhythm were thought to have pure mitral incompetence. 
The clinical findings in these fourteen are set out in Table I. 


Five had lone auricular fibrilla- 
One had ischemic as well as hyper- 


TABLE I 
CLINICAL FINDINGS AND CESOPHAGEAL PULSE IN 14 PATIENTS WITH MITRAL INCOMPETENCE 
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Normal | I Wave 


Case | Age R.F. | Blood pressure aM —_ a ee : Fs el = 
grade LA. | LV. | RA. | RV. 

1| 19 | + 110/70 | «WI 0 +; Normal | Normal 

2 | @& 120/80 | III 0 aa Normal | I Wave 

>| 0 | 110/80140/100 | III i. +. eee L.B.B.BI.| Normal 

4 | 41 + 130/70 II-I1l | 0 + + L.V.+ Early V peak 

>| 3 ? 200 /120 | HT 0 oe a L.V.+ | Early V peak 

6 | 47 | © | 180/110 120/80 | IV + + |+++ L.V.+ | Early V peak 

TE we 1 © 175/115 | IV + oe eee L.V.+ Early V peak 

8 55 0 140/100 Ill 0 + | er L.V.+ Early V peak 
| 20 + 125/70 Ill 0 + + Normal Early V peak 

10 | 30 + 120/80 lil 0 — + L.V.+ Early V peak 

a | 0 165/100 | oe | 0 See L.V.+ ~ Early V peak 

2isi + 1s0/s5 | am =| S(O + Normal | Early V peak 

13 40 a 140/90 | IV 0 a oa Normal | Early V peak 

14 43 0 135/85 | 0 + + 
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Group VI. Twenty-four patients who were thought to have pure mitral stenosis: 18 had sinus 
rhythm and 6 had auricular fibrillation. None had evidence of left ventricular enlargement 
unless there was associated aortic incompetence or hypertension, and in none was an apical 
systolic murmur heard. 

Group VII. Seventeen patients who were thought to have mitral stenosis with incompetence. 
Sinus rhythm was present in 8 and auricular fibrillation in9. All had apical systolic murmurs of 
Grade II or III intensity. In 2 patients with no evidence of aortic valve disease or hyperten- 
sion, left ventricular enlargement was present. 


RESULTS 
Group I. The Normal Gsophageal Pulse 


Three distinctive patterns were found corresponding to ventricular, auricular, and aortic levels. 

Ventricular Levels. The lower portion of the intrathoracic oesophagus is related to the aorta pos- 
teriorly and to the right. It may also be related anteriorly to the left ventricle, but the extent and closeness 
of this relationship is variable. 

Fig. 2A shows the electrode at this level, and Fig. 2B and C the types of record obtained. The P wave of 
the electrocardiogram is small and blunt. The pulse curve shows in early systole, a positive wave, which 
may be sustained as in Fig. 2B, or may decline as in Fig. 2C. The mode of production of these curves is 
uncertain. In controls such curves were found only at ventricular levels. 








A B C 


Fic. 2.—Control. (A) Skiagrams are taken in the right oblique position. The electrode is seen at 
the ventricular level. The tube extends 2 cm. below it and therefore reaches nearly to the dia- 
phragm. (B) The P wave is small and blunt, confirming the ventricular level. The sustained 
systolic positive wave is a normal finding at this level. (C) A variant found normally at 
* ventricular” levels. 


Auricular Levels. The P wave is large and shows an intrinsicoid deflection, confirming the fact that the 
record was made from an auricular level (Fig. 3). The pulse shows three waves apparently analogous to 
those of the jugular phlebogram. 

The a wave begins shortly after the onset of P. It is variable incontour. Usually it is diphasic, an initial 
upstroke being followed by a prolonged and deeper negative phase. The upstroke may, however, predomi- 
nate, or the wave may be entirely negative. An upstroke may be due to expansion of a portion of the auricle 
in which the muscle has not yet begun to contract. The negative phase is almost certainly due to recession 
of the contracting auricle from the cesophagus. 

A record taken from a patient with complete heart block (Fig. 4) shows that the total duration of the a 
wave may be as long as 0-30 sec. With normal conduction, therefore, waves due to ventricular systole are 
superimposed on the a wave so that it is impossible to give measurements either of the duration of the a 
wave or of the onset of ventricular waves. 
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A B 
Fic. 3.—Control. (A) The tube extends nearly to the lowermost limit of the auricle. 
(B) The P wave shows an intrinsicoid deflection, confirming the auricular level. In 
this and subsequent records, a line has been drawn, the right edge of which corres- 
ponds with the beginning of the second heart sound. The apex of v in controls was 
invariably found to the right of this line. 
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Fic. 4.—The record is from a patient with complete Fic. 5.—(A) A control with lone auricular fibrillation. 
heart block and aortic stenosis. The a wave is The c and v waves are distorted by f waves. (B) 
diphasicand its total duration is at least 0:30 sec. The same patient after restoration of sinus rhythm. 
The first sound is accompanied by rapid deflec- 
tions termed the ‘‘c”’ wave. The electrocardio- 
gram is lead V1. 
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The first sound is accompanied by rapid deflections termed the c wave and these are absent when the first 
heart sound is absent. These deflections probably represent the vibrations of the first heart sound. The 
peak of the v wave, which is notched, is never reached before the beginning of the second heart sound. It 
follows it in 0-01-0-08 sec. The v wave begins to descend shortly after the beginning of the second heart 
sound. The rise and fall of the v wave are probably due to filling and emptying of the auricle, respectively. 
The notch may be due to the vibrations of the second heart sound. It is probable that at auricular levels 
the form of the cesophageal pulse is largely determined by volume changes of the auricle together with vibra- 
tions of the first and second heart sounds. 

Aortic Levels. Curves obtained at the level of the aortic arch are predominantly negative throughout 
systole and show a well-defined notch corresponding with the second heart sound. Taquini (1940) suggested 
that this curve may be due to a physiological unfolding of the aorta during systole. In elderly subjects in 
whom the cesophagus is displaced by an unfolded aorta, an approximation to the aortic level pattern may be 
found at auricular levels. 


Group II. Left Ventricular Hypertrophy 
All the patients in this group showed normal curves. 


Group IIT. Auricular fibrillation 


In this condition, a waves are absent and the c and v waves usually show the configurations already 
described. Sometimes the c waves are exaggerated. This may occur whether or not the record is distorted 
by f waves as in Fig. 5A. Exaggeration of the c waves may be partly due to the fact that they are unopposed 
by a negative a wave, and partly to the closure of the mitral valve on an auricle that has not emptied pro- 
perly owing to fibrillation. 

The curves from patients with hypertensive heart disease were similar to those from patients with lone 
auricular fibrillation, with the exception of the single case with congestive failure, which will be discussed 
in detail. 


Group IV. Innocent Systolic Murmurs 
All 9 subjects were found to have normal cesophageal pulse curves. 


Group V. Pure Mitral Incompetence 


Of 14 patients in this group, 2 showed curves indistinguishable from normal. Two patients showed the 
** insufficiency (I) wave ’’ described by Taquini (1937) and Puddu and Sibilia (1942). This consisted of a 
positive systolic wave (I) following c and occupying early systole (Fig. 6B). 

Ten cases showed a different abnormality. The apex of v preceded the second sound by 0:01-0-12 sec., 
usually about 0-03 sec. (Fig.6A, Cand D). The normal notch at the apex of v thought to be due to the second 
sound was either absent or replaced by multiple vibrations apparently representing the systolic murmur. 
The general configuration of the curves is similar to that found by Lasser et al. (1952) in pure mitral incom- 
petence. 

In 4 of these cases the upstroke of v was very much more rapid at its beginning than at its end. In con- 
trols (Fig. 6E, F, G, H) the reverse is usually but not invariably the case. The contour of the curves and early 
v peak can be explained on the basis of mitral reflux. The upstroke of v is thought to represent expansion 
of the filling auricle and the peak of v is recorded when the auricle ceases to expand. When auricular filling 
is augmented by reflux the upstroke of v will be more rapid in mid-systole than in late systole when ventricular 
ejection is diminishing. Furthermore, mitral incompetence may produce a high enough pressure in the 
auricle to cause momentary reversal of flow from the pulmonary veins. When this occurs, the auricle will 
cease to expand and the apex of v will be recorded early. 

This theory does not conflict with the view that mitral reflux may continue into early diastole (Wiggers 
and Feil, 1922) for if there is reversal of flow from auricle into pulmonary veins, the auricle need show no 
further increase in size. The highest point of v is recorded at the instant this reversal occurs and once the 
reversed flow is established the curve may remain flat or even decline slightly from elastic recoil of the 
auricular walls. 

If reversal of flow does not occur, the apex of the v wave would presumably be recorded in the normal 
position following the second sound; for the auricle would continue to fill both from the pulmonary veins 
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Fic. 6.—(A), (B), (C), and (D): mitral incompetence: Cases 12, 10, 8, and 9 respectively. (E), (F), (G), and (H): Con- 
trols. In (A), (C), and (D), the apex of the v wave occurs before the beginning of the second sound. The pulse 
contour in example (C) closely resembles that of the control (G). The time of the v wave is the only clear point of 
distinction between them; (B) shows an I wave following directly on the c wave. 


and from the ventricle, until the mitral valve opened fully in early diastole. This may explain the finding of 
normal curves in two cases of mitral incompetence. 

It might be thought that in cases of mitral incompetence in whom the timing of the v peak was normal, 
the contour of the upstroke of v would be diagnostic. Fig. 6G, however, shows a control in which the v 
wave rises more rapidly at its beginning than at its end; its contour closely resembles the abnormal curve 
in Fig. 6C. Only the relationship of the v peak to the second sound enables the certain differentiation of the 
normal from the abnormal curve. 


Group VI. Pure Mitral Stenosis 


Of the 24 patients in this group, 9 curves were normal and one was doubtful. The remaining patients 
showed distortion of the vy wave. In some instances (Fig. 7B) the distortion was indistinguishable from the 
I wave previously described, in others the resemblance was less close (Fig. 7A). The distortion often re- 
sulted in the peak of the v preceding the second sound (Fig. 7A). 

In 6 cases the vy wave was grossly distorted and a sustained systolic positive wave approximating to a 
plateau form was present (Fig. 7C). These curves were found in 3 of the 6 cases with auricular fibrillation 
but in only 3 of the 18 cases with sinus rhythm. Necropsy of one of these patients showed tight mitral 
stenosis and no left ventricular hypertrophy. The essential factor in the production of this curve is 
probably auricular stasis. This is further discussed below. 


Group VII. Mitral Stenosis with Incompetence 

Fourteen of the 16 patients showed abnormalities similar to those found in pure mitral stenosis and 2 
were normal. Sustained cv waves were found in 5 of 9 cases with auricular fibrillation. This frequency is 
similar to that in pure mitral stenosis with auricular fibrillation. 
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Fic. 7.—Examples of abnormalities found in pure mitral stenosis. (A) The v wave is distorted. 
(B) An I wave follows the c wave. (C) There is a systolic plateau cv. 


DISCUSSION 


The curves found in our control groups correspond in general configuration with those of other 
investigators (Rautenberg, 1907; Edens, 1910). The use of the phonocardiogram as a reference 
tracing has, however, enabled a clear distinction to be made between the curves obtained from con- 
trols and those from patients suspected clinically of mitral valve disease. In 10 of the 14 cases of 
mitral incompetence, the highest point of the v wave was reached before the beginning of the second 
heart sound, and two patients showed the I wave described by previous authors. (Esophageal pulse 
records can therefore be used to establish the diagnosis of mitral valve disease in patients with a 
systolic murmur alone. A normal cesophageal pulse record, however, does not exclude the diag- 
nosis of mitral incompetence. 

In Groups VI and VII the interpretation of the pulse records is more difficult. The sustained 
systolic cy wave found in 6 cases of pure mitral stenosis is of particular interest. This type of wave 
has been recognized at fluoroscopy as a backward movement of the left auricular contour during 
systole and has been recorded with the electrokymograph. Both observations have led to the assum- 
tion that the movement or wave was directly due to reflux from the ventricle to auricle (Lian et al., 
1948; Luisada and Fleischner, 1948; McKinnon and Friedman, 1950; Segers, 1951; Heyer and Boone, 
1952). The validity of this assumption has been challenged by Phillips (1949) and Froment et al. 
(1950) and the present study provides further evidence that it is incorrect. 

Plateau waves were never found at auricular levels in pure mitral incompetence, but they were 
found in 6 cases of mitral stenosis with no clinical evidence of incompetence. In one of these 
necropsy showed tight mitral stenosis and no evidence of incompetence. It is not clear why plateau 
waves need be expected in mitral incompetence. A flat-topped wave in the cesophageal pulse, 
electrokymogram, or pressure pulse shows that no further change in volume, movement or pressure 
is occurring, whereas clinical evidence and the work of Wiggers (1922) suggest that reflux continues 
throughout systole. 

Wynn et al. (1952) found systolic plateau waves in left auricular pulse records from patients with 
pure mitral stenosis and considered that they were not due to reflux. They suggested that the pressure 
rise at the beginning of ventricular systole was due to inward bulging of the mitral valve and floor 
of the auricle, and that the sustained character of this pressure rise was due to auricular stasis. 

We have made similar observations in one of our controls—an 84-year-old man with auricular 
fibrillation and chronic congestive failure due to hypertensive and ischemic heart disease. There 
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was no evidence of mitral valve disease and no systolic murmur to suggest functional mitral 
incompetence. Plateau waves occurred only after the shorter diastolic pauses (Fig. 8A). The 
shortness of diastole must be presumed to have curtailed auricular emptying, so that very slight filling 
from the pulmonary veins during ventricular systole sufficed to fill the auricle completely and so 
produced a flat-topped curve. 
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Fic 8.—(A) From an 84-year-old man with chronic congestive failure due to hypertensive and ischemic heart 
disease with auricular fibrillation. In the Ist and 3rd beats the esophageal pulse shows the contours 
found normally in lone auricular fibrillation. The 2nd and 4th beats are premature ventricular con- 
tractions and produce systolic plateau waves of /arger amplitude than the c and v waves of the preceding 
beat. (B) Froma patient with mitral incompetence. The 2nd and Sth beats are premature ventricular 
contractions and are accompanied by v waves smaller than those of the preceding beat. 


In mitral incompetence, abbreviation of diastole would be expected to have, and was in fact 
found to have, a reverse effect (Fig. 8B). Short diastolic pauses are followed by low v waves, the 
longer pauses by larger v waves. This is presumably due to the fact that a long diastole allows 
greater ventricular filling, which results in a more powerful subsequent contraction and a correspond- 
ingly greater volume of reflux. 

These observations, together with the fact that in mitral stenosis plateau waves are commoner 
in patients with auricular fibrillation than in those with sinus rhythm, strongly suggest that auricular 
stasis is the fundamental cause of the abnormality. The shape of the curve is in harmony with this 
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explanation since the flat-topped wave suggests an unchanging volume. The contrast between 
this curye and the curve of pure mitral incompetence is shown in Fig. 9A and B. 

If this interpretation proves to be correct, a plateau wave in patients with mitral stenosis and 
sinus rhythm should suggest the presence of a tight stenosis. When auricular fibrillation or con- 
zestive failure contributes to auricular stasis a less severe degree of stenosis may suffice to produce 
he curve, and auricular fibrillation and failure together may produce the curve in the absence of 
stenosis if diastole is short. If an extended study establishes these correlations, the cesophageal 
pulse may prove valuable in the selection of patients for valvotomy. 
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Fic. 9.—(A) The plateau wave that is thought to depend on auricular stenosis. (B) A typical curve of pure mitral 
incompetence. (C) A curve of pure mitral stenosis closely resembling (B). 


* 
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The diagnosis of incompetence in the presence of stenosis remains difficult. Lasser et al. (1952) 
suggested that distinctive patterns could be recognized in pure mitral incompetence, pure mitral 
stenosis, and mitral stenosis with incompetence. Our findings are at variance with these conclusions, 
We have found the plateau wave stated to be characteristic of pure mitral stenosis, in 5 patients 
with combined stenosis and incompetence, and the curve claimed to be characteristic of the latter 
condition in only one of sixteen cases. Curves were found in pure mitral stenosis that closely 
resembled those from pure mitral incompetence (compare Fig. 9B and C). For these reasons we 
feel that the three conditions cannot be differentiated with certainty on the basis of pulse tracings 
alone, and that an abnormal pulse curve is diagnostic only of mitral valve disease. A systolic 
plateau wave in the absence of auricular fibrillation is, however, suggestive of a tight mitral stenosis. 
in congestive failure, an abnormal pulse curve may be found in the absence of mitral valve disease. 


SUMMARY AND CONCLUSIONS 


The cesophageal pulse was recorded simultaneously with the electrocardiograph and heart sounds 
n 119 subjects. There were 55 patients with mitral valve disease, an equal number of controls, and 
) subjects with innocent systolic murmurs. The control group included patients with aortic valve 
lisease, lone auricular fibrillation, hypertensive heart disease with and without auricular fibrillation, 
ind 27 normal subjects. 

In the control group a, c and v waves analogous to those of the jugular phlebogram were found 
it auricular levels. With the exception of the single case with congestive failure the apex of the v 
vave never preceded the second heart sound. 
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Nine subjects thought to have innocent systolic murmurs showed normal curves. 

Of 14 patients with a clinical diagnosis of pure mitral incompetence 12 showed abnormal pulse 
curves. In 10 the apex of v preceded the second heart sound. In 2 an abnormal positive wave 
occurred in early systole. The cesophageal pulse can therefore provide proof of mitral valve 
disease in patients with a systolic murmur alone, although a normal cesophageal pulse does not 
exclude the diagnosis of mitral incompetence. 

Of 41 patients with mitral stenosis, 20 showed abnormalities of the pulse curve whether or not 
there was clinical associated incompetence. The diagnosis of incompetence in the presence of 
stenosis cannot be made with certainty from the pulse tracing alone. 

Systolic plateau waves were found in 5 patients who had auricular fibrillation and mitral stenosis 
and incompetence, and in 6 patients with clinically pure mitral stenosis. Necropsy of one of the 
latter showed a tight stenosis and no left ventricular hypertrophy. It is suggested that such curves 
do not depend on reflux but on auricular stasis and that they may be found to give an indication of 
the severity of the stenosis. 


I am indebted to Dr. Jenner Hoskin and Dr. Frances Gardner for their helpful criticism and advice, and to Dr. 
Paul Wood for his kindness in allowing me to study two of his patients. 

I wish to thank Miss B. Robinson, Mr. D. Edwards, Miss I. Morgan and the Photographic Department of the 
Hospital for technical assistance. 


REFERENCES 
Bard, L. (1912). Sem. médicale, Paris, 32, 253. 
Brown, W. H. (1936). Amer. Heart J., 12, 1. 
Edens, E. (1910). Dtsch. Arch. klin. Med., 100, 221. 
Froment, R., Gonin, A., and Gallavardin, L. (1950). Arch. Mal. Coeur., 43, 678. 
Heyer, H. E. and Boone, B. R. (1952). Amer. Heart J., 44, 458. 
Janowski, W. (1910). Z. klin. Med., 62, 371. 
Lasser, R. P., Epstein, B., and Loewe, L. (1952). Amer. Heart J., 44, 681. 
Levine, S. A. (1933). J. Amer. med. Ass., 101, 436. 
Lewis, T. (1925). Mechanism and Graphic Registration of the Heart Beat. 3rd. ed., p. 22. Shaw, London. 
Lian, C. (1909). Arch. Mal. Coeur., 2, 391. 
—, Facquet, J., and Minot, G. (1948). Arch. Mal. Coeur., 41, 727. 
Luisada, A. A., and Fleischner, F. G. (1948). Amer. J. Med., 4, 791. 
McKinnon, J. B., and Friedman, B. (1950). Circulation, 2, 572. 
Minkowski, W. (1907). Z. klin. Med., 62, 371. 
Phillips, E. (1949). Permanente Fdn. med. Bull., 7, 25. 
Puddu, V., and Sibilia, D. (1942). Cuore e Circul., 26, 2. 
Rautenberg, E. (1907). Dtsch. Arch. klin. Med., 91, 251. 
Segers, M. (1951). Brux. méd., 31, 1657. 
Taquini, A. C. (1937). Rev. Soc. Argent. Biol., 13, 17 and 57. 
—— (1940). Amer Heart J., 20, 129. 
Wiggers, C. J., and Feil, H. (1922). Heart, 9, 149. 
Wynn, A., Matthews, M. B., McMillan, I. K. R., and Daley R. (1952). Lancet, 2, 216. 



































THE LEFT AURICULAR ELECTROKYMOGRAM IN 
MITRAL STENOSIS 


BY 
P. H. DAVISON# and R. G. EPPS 


From the Department of Cardiology, Brompton Hospital 


Received February 12, 1953 


The surgical treatment of mitral stenosis has created the need for accurate assessment of the 
morbid anatomy of the diseased valve before operation. Clinical examination of the heart has 
proved the most reliable means to this end (Baker ef al., 1952) but it is common experience that 
significant degrees of mitral regurgitation occasionally defy clinical detection, and for this reason 
other methods of assessment are being employed. These include fluoroscopic observation of left 
auricular movement. 

The electrokymograph developed by Henny ef a/. (1947) provides a means of recording the border 
movements of the cardiac silhouette, allowing their form and timing to be related to the major events 
of the cardiac cycle. This technique has been extensively used in studying the movement of both ~ 
normal and diseased hearts (Luisada et al., 1948, 1949; Akman ef al., 1950; Davies and Venning, 
1952). 

This paper reports a study of left auricular movement by electrokymography in a group of 
patients with severe mitral valvular disease who were referred for surgical relief and a small 
series of control subjects. 


METHODS 


A standard Sanborn electrokymograph was employed and the output fed into the D.C. amplifier of one 
channel of a Sanborn poly-viso direct-writing oscillograph. A simultaneous phonocardiogram or electro- 
cardiogram recorded on a second channel of the oscillograph gave the time relationship of the electro- 
kymographic tracing to the cardiac cycle. A screening current of 3-5 to 4-5 mA was used at 70 kVp. 

The left auricular electrokymogram was recorded with the patient upright and rotated into the right 
anterior oblique position. The posterior border of the left auricle was first defined by barium swallow and 
any movement observed then recorded by suitable placing of the photo-tube slit. The polarity of the 
instrument was such that increase in the amount of light falling upon the slit caused a downward movement 
of the tracing. The slit was placed across the posterior border of the auricle at right angles to it so that 
backward movement of the border produced an upward or positive deflection of the record and forward 
movement a downward or negative deflection. 

When the normal cardiac silhouette is observed with the subject rotated into the right oblique position the 
uricular border is often poorly defined because there is lack of contrast between it and the retro-cardiac 
pace; consequently records of its movement are liable to distortion by variations in density of neighbouring 

pulmonary vessels (Phillips, 1949). In patients with mitral stenosis there is a relative increase in density of 
he enlarged auricle with clearer definition of its posterior border, and errors due to exocardiac movements 
re diminished. 


CLINICAL MATERIAL 


Studies were made on 39 patients. Twenty-nine of these were suffering from chronic rheumatic 
eart disease with a sole or predominant lesion of the mitral valve; the remaining 10 had no clinical 
vidence of valvular disease. 
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The 29 patients with mitral disease were subdivided into three classes according to clinical 
assessment of the valvular lesion; pure mitral stenosis was thought to be present in 21, predominant 
mitral stenosis with some incompetence in 6, and pure mitral incompetence in 2. Mitral valvotomy 
was undertaken in 23—in 17 with pure stenosis and in 6 with a combined mitral lesion—and the 
pre-operative clinical diagnosis was confirmed in every case by digital palpation of the valve. 

The 10 subjects without clinical evidence of valvular disease were six normal healthy controls 
and four patients with auricular fibrillation only. 


RESULTS 
It was found possible to classify the electrokymographic records of left auricular border move- 
ment into four main types: undulatory, ventricular systolic expansion, ventricular systolic retraction. 
and absence of movement. Table I shows the incidence of these four electrokymographic patterns 
in relation to the clinical diagnosis. 


TABLE I 
ELECTROKYMOGRAPHIC FINDINGS IN EACH CLINICAL GROUP 
The number of cases with operative confirmation of the clinical diagnosis are given in parenthesis 
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| Type of left auricular movement 
Diagnosis —_ | | : 
? Systolic | Systolic 

Unduinery | expansion | retraction Alsons 
Pure mitral stenosis a 21 (17) | 3 (3) | 15 (13) 1 2 (1) 
Mitral stenosis | 

with incompetence ho 6 (6) 1 (1) 4 (4) | 1 (1) —- 

Pure mitral incompetence 2 | — 2 , = — 
Healthy controls .. ne 6 4 1 } — I 
Auricular fibrillation Ke 4 2 -- | 1 | 
ae a oe | 10 | 22 ; 4 4 





Undulatory Movement of the Auricle. Here the auricular border is in a state of sinuous movement 
throughout the cardiac cycle. The number, relative amplitude, and timing of the major positive 
and negative waves varied greatly from case to case, and only one record (Fig. la) resembled the 
ideal left auricular electrokymogram described by Luisada and Fleischner (1948). A positive 
wave of short duration at the commencement of ventricular systole representing a transient back- 
ward movement of the auricular border was frequently recorded (Fig. 2) but its amplitude and 
duration in relation to the rest of the tracing did not justify the term ventricular systolic expansion 
of the auricle. 

Undulatory movement was recorded in 10 cases. It was present in four of six normal controls 
and two of four patients with auricular fibrillation only; four cases of mitral stenosis showed this 
type of movement and in one of these a significant degree of regurgitation was felt at operation. 
Typical examples of undulatory auricular movement are shown in Fig. | and 2. 

Ventricular Systolic Expansion of the Auricle. These records show a single major positive deflec- 
tion during ventricular systole which represents a sustained backward movement of the auricular 
border. The form and timing of these electrokymograms reveal that the border moves abruptly 
backwards at the very onset of ventricular contraction and maintains this position during the ejec 
tion phase, returning rapidly to its former position during the earliest phase of ventricular diastole 
(Fig. 3). This “‘ plateau’’ form was observed in approximately two-thirds of the cases showing 
ventricular systolic expansion of the auricle. In the remainder this basic pattern was modified by 
a late systolic peak and slurring of the down stroke, indicating a continuation of backward move- 
ment during the ejection phase and slower return to the resting position (Fig. Sa and 5b), but ir 
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Fic. 1.—Left auricular electrokymograms showing undulatory movement. 
Simultaneous phonocardiograms in (a) and (c), simultaneous electro- 


cardiogram in (b). 
only. 
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(a) and (b) Normal controls. 


(c) Auricular fibrillation 
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Fic. 2.—Left auricular electrokymograms showing undulatory movement 
with transient auricular expansion at the commencement of 


ventricular systole. Simultaneous electrocardiograms. 
control with tachycardia. 


(b) Pure mitral stenosis. 


(a) Normal 
(c) Mitral 


stenosis with significant incompetence. 


these records also the greater part of the movement takes place during the earliest phases of ventri- 
The onset and development of the positive wave was markedly delayed 
During the remainder of diastole there 


cular systole and diastole. 


n One patient with gross mitral incompetence (Fig. Sc). 
5 little or no border movement when the auricle is fibrillating but with sinus rhythm a small pre- 
ystolic negative wave of auricular systole is frequently observed and a variable degree of movement 


1 mid-diastole (Fig. 3 and 4). 


Ventricular systolic expansion of the posterior auricular border was found in 21 of the 29 patients 
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with mitral disease and in one of the 10 control patients. It was observed in approximately three- 
quarters of the patients with pure mitral stenosis and with equal frequency in the group with pre- 
dominant mitral stenosis and some incompetence; it was present in both cases of pure mitral 
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Fig. 3.—Left auricular electrokymograms showing plateau form of. ventricular systolic expansion. 
Simultaneous phonocardiograms. (a) Pure mitral stenosis, sinus rhythm. (b) Pure mitral 
stenosis, auricular fibrillation. (c) Mitral stenosis with significant incompetence, auricular 
fibrillation. 
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Fig. 4.—Left auricular electrokymograms showing auricular systole followed by 
ventricular systolic expansion. Simultaneous phonocardiograms. (a) Normal 
control. (b) and (c) Pure mitral stenosis, sinus rhythm. 





























incompetence. Of the 17 patients in whom pure mitral stenosis was confirmed by digital palpatior 
of the vaive, 13 showed ventricular systolic expansion of the auricular border before operation. A 
detailed analysis of these findings is given in Table I. The incidence of * plateau ” and “ peaked ’ 
forms of systolic expansion is shown in Table II. A late systolic peak was recorded in three patients 
with a subsequent diagnosis of pure mitral stenosis at operation. 
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TABLE II 
CASES SHOWING VENTRICULAR SYSTOLIC EXPANSION OF THE POSTERIOR BORDER OF THE LEFT AURICLE 


The number of cases with operative confirmation of the clinical diagnosis are given in parenthesis 





Ventricular systolic expansion of left auricle 











Diagnosis | 
No. of Systolic | Late systolic 
cases plateau peak 
Pure mitral stenosis .. - 15 (13) 11 (10) | 4 (3) 
Mitral stenosis with 
incompetence er fs 4 (4) 3; | 1 (1) 
Pure mitral incompetence ee 2 — 2 
Healthy control ms ets 1 1 | — 





Total bye er 7 - 22 | 15 7 





Of the 27 cases of pure or predominant mitral stenosis, 15 had sinus rhythm and 12 had auricular 
fibrillation; 9 of the 15 in sinus rhythm and 10 of the 12 with auricular fibrillation showed ventricular 
systolic expansion of the auricular border. 

Ventricular Systolic Retraction of the Auricle. Three records of auricular border movement 
showed a single major negative wave representing retraction of the auricle during ventricular systole 
(Fig. 6). The pattern resembled a distorted left ventricular electrokymogram and was found in one 
case of pure mitral stenosis, in one with a combined mitral lesion and predominant stenosis, and 
in one with auricular fibrillation alone. 

Absence of Auricular Movement. In four patients—one normal control, one with auricular 
fibrillation only, and two with pure mitral stenosis—no movement of the left auricular border 
could be recorded. 
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Fic. 5.—Left auricular electrokymograms showing ventricular systolic expansion with late systolic 
peak. Simultaneous phonocardiograms. (a) Pure mitral stenosis, sinus rhythm. (b) Mitral 


stenosis with incompetence, auricular fibrillation. (c) Pure mitral incompetence, sinus rhythm. 
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Fic. 6.—Left auricular electrokymograms showing ventricular systolic retraction. Simultaneous 
phonocardiograms. (a) Pure mitral stenosis. (b) Mitral stenosis with significant incompetence. 
(c) Auricular fibrillation only. 


DISCUSSION 


Expansile pulsation of the left auricle during ventricular systole, when observed in the postero- 
anterior position, is a well recognized and accepted radiological sign of mitral incompetence (Wood, 
1950) and the movement is attributed to auricular distension by a regurgitant stream from the left 
ventricle. The reliability of this sign has been disputed when it is found only on the posterior border 
of the left auricle (Logan and Turner, 1952). 

The findings reported here demonstrate that ventricular systolic expansion of the posterior 
border of the left auricle is frequently present in pure mitral stenosis and may be absent when mitral 


stenosis and incompetence are combined. Therefore, this sign is quite valueless as a means of 


differentiating between pure stenosis and mixed mitral lesions. Nor does the amplitude of move- 
ment prove any help, because systolic expansion of the left auricular border, so great that it was 
clearly visible on the right heart border in the postero-anterior view, has proved compatible with a 
diagnosis of pure stenosis, confirmed at operation. 


Luisada and Fleischner (1948) first described the characteristic electrokymographic pattern of 


this abnormal movement and attributed it to mitral regurgitation, a conclusion clearly untenable 
on the present findings. Moreover, Wiggers (1949) has shown that mitral incompetence in animals 


produces a significant increase in left atrial volume which occurs during the ejection phase of 


ventricular systole and continues during ventricular relaxation. On these findings, an abrupt 
backward movement of the left auricular border at the very onset of ventricular contraction and its 
return during ventricular relaxation are not consistent with regurgitant distension of the auricle 
However, direct pressure tracings from the left auricle in mitral stenosis not infrequently bear a 
close resemblance, in both form and timing, to the “‘ plateau ” and “‘ late systolic peak ”’ electroky- 
mograms (Fig. 7), and Lasser et al. (1952) have recorded cesophageal pressure pulse patterns in 
mitral stenosis that have an identical form. These observations suggest that left auricular border 
movements may reflect pressure changes within the auricle. 

Froment ef al. (1950) attribute abnormal left auricular movement in mitral stenosis to para- 
doxical retropulsion of the auriculo-ventricular septum into the left auricle during ventricula1 
systole. Elkins et al. (1952) consider that the type and degree of left auricular movement in these 
cases is determined by many factors which include the size of the auricle, flexibility of its wall 
presence of mural thrombus and auricular fibrillation, rate of filling from pulmonary veins, trans- 
mitted thrust from the right auricle in tricuspid incompetence, and systolic contraction of ar 
hypertrophied right ventricle. 
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THE LEFT AURICULAR ELECTROKYMOGRAM IN MITRAL STENOSIS 














mm tte. —_ 
(99 ‘es 
7° pee ie 

we 

| so-: 20+ 

25 - te 

gu PULMONARY ARTERY | 9 LEFT AURICLE 





i 
‘ Fic. 7.—Pressure records taken from pulmonary artery and left auricle during operation. 
Pure mitral stenosis. Simultaneous electrocardiograms. Left auricular pressure 
- pulse curve closely resembles electrokymograms of ventricular systolic expansion of 
i left auricle. Note alternation of pulmonary systolic pressure. 
ft Correlation between certain clinical, electrocardiographic and physiological findings and the 
. type of auricular movement has been looked for in the patients of this series. The incidence of 
ventricular systolic expansion was significantly higher when mitral stenosis was complicated by 
zs auricular fibrillation, a finding in agreement with others (Elkins e¢ al., 1952). Transmitted back- 
al ] ward thrust of an hypertrophied right ventricle may contribute to backward movement of the left 
* auricle but there was no correlation between ventricular systolic expansion and such signs of right 
di ventricular hypertrophy as precordial thrust, the pulmonary arterial pressure, the pulmonary 
a vascular resistance, or the right ventricular predominance in the cardiogram. Nor was the type of 
. auricular movement related to the left auricular pressure as measured by the pulmonary capillary 
' ‘venous pressure, or the left auricular pulse pressure recorded directly at operation. Distensibility 
“4 of the left auricle and its rate of filling from the pulmonary veins, mobility of the antero-medial 
le cusp of the mitral valve, and bodily movement of the whole heart must all influence the form and 
: degree of left auricular movement. Their several and combined contributions defy assessment. 
tf 
ts | SUMMARY 
e Movements of the posterior border of the left auricle have been recorded electrokymographi- 
a § cally in the right oblique position in 29 patients with severe mitral disease and 10 control subjects. 
y- Backward movement of the left auricle during ventricular systole was present in 21 of the 29 
in ith mitral disease and in one healthy control. This type of auricular movement was found with 
 F qual frequency in patients with pure mitral stenosis and those with mitral stenosis and incom- 
vetence. Its incidence was greatest when mitral stenosis and auricular fibrillation were both 
i- =f resent. It was unrelated to the degree of right ventricular hypertrophy, to the pulmonary capillary 
LI enous pressure, or to the height of the left auricular pulse pressure. 
se] The left auricular electrokymogram proved valueless as a means of differentiating between pure 
litral stenosis and mitral stenosis with incompetence. 
5; 
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When the operation of pulmonary valvotomy was started by Brock in 1948, one of the 
difficulties met was understanding the changes in the rhythm and action of the heart. It was thought 
that continuous electrocardiographic tracings might help in this way and so make it possible to lessen 
their incidence. Such tracings have generally been taken since then and in the present paper we 
wish to discuss the findings during 70 direct operations for pulmonary stenosis. 

The patients fall into five groups: (I) those with Fallot’s tetralogy (a) who had valvotomy for a 
valvular stenosis (13 cases); (6) who had infundibular resection (19 cases); (c) who had both these 
procedures (8 cases); and (II) those with pulmonary valvular stenosis with a closed ventricular 
septum (a) who were acyanotic (17 cases); and (b) who were cyanotic from a right-to-left interatrial 
shunt (13 cases). The records were analysed separately for these five groups, partly because the 
mortality was greater in groups I(+) and II(b). They were, however, very similar so are all dis- 
cussed together though any special differences that were observed between the groups are com- 
mented on. 

Similar records have been taken in many patients having mitral valvotomy and our findings 
(Campbell and Reynolds, 1952) will be compared. Although operations for pulmonary stenosis 
are, on the whole, more dangerous than those for mitral stenosis, probably because the surgical 
approach is through the right ventricle instead of through the left auricle, we find that the electro- 
cardiographic changes are in some ways less than those during mitral valvotomy. The continuous 
tracings during angiocardiography (Reynolds, 1953) are also of interest for comparison. 


STEPS OF THE OPERATION 


Anesthesia has, in general, followed the lines laid down by Rink et al. (1948), and some aspects 
have been emphasized more recently (Rink, 1952; Hutton, 1952). After induction in the anesthetic 
room, the patient is moved into the theatre and the first electrocardiogram is taken, usually 20-30 
minutes after the induction. The area of incision is infiltrated with 1/400,000 adrenalin, the incision 
made, and the chest wall opened, using diathermy for hemostasis. The left pleural cavity is then 
opened and the mediastinal pleura and thymus are dissected off the pericardium. Local anesthetic 

injected into the pericardial sac, originally 4 per cent procaine, but more recently 0-25 per cent 
Jecicaine. 

After the nature of the lesion has been identified, procaine is injected into the space between 

| 1e base of the aorta and pulmonary trunk, and then into the right ventricle at the point where the 
cision is to be made. At first, stay sutures or forks were inserted on either side of this area to 

‘ »ntrol the bleeding after the incision was made, but now it is controlled entirely by digital pressure. 
| later cases pressures have been taken with an electrical manometer, either by a needle through 
e walls of the right ventricle and pulmonary trunk, or by means of a catheter after the incision 
to the right ventricle. 
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The obstruction is relieved by incision with a valvotome after exploration with a probe, and 
this is followed by dilatation with bougies and an expanding dilator: the number of times it is 
necessary to pass these instruments varies considerably in different cases. After recording pressures 
again, the incisions in the heart, pericardium, and chest wall are closed. 

In the early cases when 4 per cent procaine was injected into the pericardium, the heart rate 
generally quickened from 10 to 30 beats a minute, probably from the local effect, but tended to 
slow when it was already above 125. In later cases, when decicaine was used, there was no signi- 
ficant change in the heart rate. 


CHANGES OF SUPRAVENTRICULAR RHYTHM 


Nodal rhythm and changes of the pacemaker were often recorded in all the groups and at all 
stages of the operation (35 of 70 cases). They were not specially frequent at the time of valvotomy 
or infundibular resection and were seen more often later than this or at an early stage when the 
heart was first handled. They are probably not of much significance as they are not uncommon in 
patients with cyanotic heart disease at any time apart from operation, but they were much more 
frequent in those having infundibular resection (18 of 27) than in those having valvotomy only 
(17 of 43 cases). They were just as common in patients with mitral stenosis and normal rhythm 
during mitral valvotomy. 

A-V Dissociation. A-V dissociation, often with interference, was found in at least six of these 
patients. In one where it was almost continuous through the whole record, the atrial and ventricular 
rates remained roughly parallel as though both were influenced in the same way by the same humoral 
or nervous factor. The atrial rate often became faster than the ventricular rate had been a few 
minutes before, but remained slower than the new ventricular rate. Over a period of about an 
hour the A-V ratio was between 100/101 and 100/115, generally between 100/105 and 100/110— 
A 134, V 142; A 125, V 132; A 130, V 140; A 135, V 148; A 128, V 139; A 132, V 145; A 130, 
V 145; A 128, V 148; A 137, V 148; A 146, V 150; A 136, V 137; A 134, V 137; A 133, V 135. 

An example is shown in Fig. 1. It is unusual because each fifth ventricular beat is followed by 





Fic. 1.—An unusual example of A-V dissociation with interference (see text). Case H168, 
lead If. Normal standardization was used for all the electrocardiograms. 


a P wave that is itself early (A 62; V 65) for no apparent reason unless it is a slow response to the 


previous ventricular beat; the sequence is then repeated. Another example is shown in Fig. 3A 
The sequence repeats itself after each four beats, the fourth ventricular complex being early, i.e 


responding to the P wave of the previous beat with a P-R interval of 0-40 sec.: this is followed by a 


dropped beat and the ventricular rhythm is resumed. 
Wolff-Parkinson-White Complexes. We have seen few instances of the Wolff-Parkinson-Whit« 
syndrome in more than 1000 cases of congenital heart disease. The occurrence of such complexe: 


in three patients during this operation is, therefore, cf interest: we have not seen them in the corre- 


sponding series of mitral operations. 
In two the picture was classical and three beats from one are shown in Fig. 2A. In the firs 
they were observed between two occasions when the punch was used for infundibular resectioi 


but not just at that moment when it was being used. In the third (Fig. 2D) the earlier complexe; 


might seem at first sight to be ordinary ventricular extrasystoles but measurement of the atrial an: 
ventricular rates shows that in the 1irst two the P wave, starting at just the same instant, is completel 
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were frequent, and another 24 where they were fairly frequent, but in nearly half there were only a 


or of ventricular tachycardia: they were no more common with infundibular resection than with 


cardia were much less frequent, and when they did occur were generally shorter, than during opera- 





























CHANGES DURING OPERATIONS FOR PULMONARY STENOSIS 59 


\idden in the broadened ventricular complex; that in the third P keeps its place exactly but part of 
t can be seen with a P-R interval of 0-14 sec. before the ventricular complex because this is not 
juite so broad; and that in the fourth and fifth complexes P still keeps its place exactly but the P-R 
aterval is lengthened to 0-16 sec. because the QRS complex is again a little narrower: his usual 
?—R interval was 0-20 sec. 

















Fic. 2.—Examples of Wolff-Parkinson-White complexes. (A) Three classical complexes, (B) isolated 
complexes, and (C) less typical complexes followed by an unusual double P wave (see text). A, B, and 
C are from Case 0448, lead II; (D), (E), and (F) show less classical examples of the W.-P.-W. 
complexes (see text). Case 0263, lead III. 


In the first patient there were also runs of what were apparently three ventricular extrasystoles 
(Fig. 2C), for though they were at a slow rate this was usual for him: we think these too may be 
similar to the records shown in Fig. 2D, and a further example of the W.-P.-W. syndrome. 

Just after this another feature of interest is shown (Fig. 2C)—a double P wave. Partly from its 
appearance and partly because the whole record was very steady and free from extrinsic movements, 
this does not seem to be an artefact. We think that the first wave represents a left atrial complex 
but before this could initiate a ventricular complex it was blocked by a normal P wave arising from 
the right atrium in the sinu-atrial node, and this was followed by the normal ventricular complex. 


VENTRICULAR EXTRASYSTOLES AND PAROXYSMAL VENTRICULAR TACHYCARDIA 


Extrasystoles were nearly always ventricular. They occurred at any time but particularly 
when procaine was injected into the myocardium, when the sucker was used, and during the use 
of the valvotome. They were more frequent in the early stages of valvotomy or infundibular 
resection the first time an instrument was passed and often less frequent later, even when a larger 
instrument was passed. 

In many patients only a few extrasystoles were recorded during the whole operation, perhaps 
no more than a dozen. When procaine was injected into the myocardium about one-third of the 
patients had one or two short runs of from three to five extrasystoles. Only twelve had more than 
this, the longest run consisting of ten consecutive beats, and the rest had fewer, sometimes much 
fewer than this. During the use of the valvotome there were 10 patients where the extrasystoles 


‘ew extrasystoles even at this time. 
There was no obvious difference between the different groups in the incidence of extrasystoles 


ulmonary valvotomy and no more common when the valvular stenosis was complicated by a 
ght-to-left inter-atrial shunt. Both single extrasystoles and paroxysms of ventricular tachy- 


(ons for mitral stenosis, where they were a notable feature, especially at the time of mitral 
ilvotomy. Ventricular extrasystoles are not uncommon in other operations and are most often 
ue to a depressed pacemaker with local stimulation of the heart: they can also be caused by 

ver-dosage with cyclopropane or trilene (Harris, 1953). 
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Paroxysmal Ventricular Tachycardia. In more than half the patients there were two or more 
paroxysms recorded at some time during the operation, and one-fifth had three or more recorded. 
Examples are shown in Fig. 3 and 4. Generally the paroxysms consisted of only a few consecutive 
extrasystoles. In 36 of the 70 patients the longest run consisted of five beats or less and in 16 of 
between six and nine beats. There were 12 patients where there were ten or more, but only three 
where there were more than fourteen beats. These three were a paroxysms of 37 beats during 
infundibular resection; one of 25 beats during valvotomy; and one of 17 beats when the catheter 
was introduced for pressure recording. The paroxysms of 10 beats were most often during valvo- 
tomy or infundibular resection but some followed the use of the catheter for recording pressure. 





Fic. 3.—(A) A-V dissociation with interference (see text), (B) and (C) somewhat irregular paroxysms of 
ventricular tachycardia of 9 and 13 beats. Case 0700, lead II. 





Fic. 4.—A short ventricular paroxysm that is almost regular in the middle 
period. Case 0089, lead II. 


These short paroxysms differed from ordinary ones in being irregular, often considerably so 
In one longer paroxysm the rate of individual beats varied between 114 and 206 but was generally 
not far from 124, as there were not many at the faster rates. Differences of this degree were quite 
common. There were, however, 54 paroxysms where by omitting a few of the less regular beats 
one could say that most of them did not vary greatly from the average rate. 

In these 54 cases the rate was between 90 and 119 in one-tenth, between 120 and 179 in three- 
fifths, between 180 and 210 in one-fifth, and exceptionally fast, up to 260 in one-tenth. The un- 
usually slow and the unusually fast rates could not be correlated with any special features of the 
patient or with any special stage of the operation. 

Paroxysmal auricular tachycardia was rareiy observed. 

Generally, the paroxysms were as irregular as those during mitral valvotomy; they were no! 
quite constant in form though less multifocal than those seen during mitral operations where pre 
dominantly R and predominantly S types and other striking changes of shape were frequent. Her: 
nearly all the extrasystoles were of the R type and generally seemed to be produced by local stimula 


tion at the base of the heart. We think that the obstruction to the blood flow by the introduction 


of the finger into the mitral valve explains the much greater frequency in mitral valvotomy. 
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BUNDLE BRANCH BLOCK 


Wide QRS complexes of the type seen in partial and complete right bundle branch block were 
common, being seen in more than three-fifths of the patients. They were often present for a large 
part of the operation, but had usually returned nearly, if not quite, to their normal width before 
it ended. 

Generally the onset of such complexes took place within a short period but not absolutely 
suddenly, and the disappearance was even more gradual. For this and other reasons we think that 
many QRS complexes with a duration of more than 0-12 sec. are not true bundle branch block but 
are caused by a general delay of myocardial conduction from anoxia or other factors, and are more 
comparable with the complexes that may be seen with extreme ventricular hypertrophy. 

There were, however, examples of sudden changes that seem to be true bundle branch block, 
e.g. Fig. 5A. It was not always easy to decide the side of the bundle branch block but we think 
that it changed from left to right in Fig. 9C, and in from right to left in Fig. 5A, for an S wave 
developed in lead III soon after the opening of the chest, presumably from rotation of the heart. 
The changes shown in the three leads were all recorded within a few minutes but, of course, were 
not simultaneous, so that there is no proof that we have placed them rightly. 

The complexes nearly always had the form of right bundle branch block but they were of the 
left form in four patients in whom they did not then seem to have any different significance. The 
probable reason is simply that most of the patients already had right ventricular preponderance. 
Sometimes the width of QRS was already increased before operation and then a further increase 
even up to 0-12 sec. was only counted as partial bundle branch block. 

One patient had complete right bundle branch block as her usual rhythm. For this reason and 
because she was 26 and had pulmonary stenosis with a right-to-left inter-atrial shunt her operation 
was undertaken with much anxiety. The changes were, however, minimal and everything went 
smoothly. She showed two extrasystoles only during valvotomy and three more when the pressure 
was being measured with a catheter: she showed no S-T depression at any time. During 
most of the operation she had nodal rhythm at a rate of 76, but sometimes there was A-V dissociation 
(see Fig. 1). 

The frequency of bundle branch block was greatest in those with valvular stenosis and a right- 
to-left inter-atrial shunt and was similar in the other groups. It was more common (60%) than 
during mitral valvotomy (25%) and there, too, it generally had the form of right bundle branch block. 


S-T DEPRESSION 


The other important change that was seen frequently was S-T depression, often of considerable 
depth. It was observed at some stage in four-fifths of the patients and its incidence was similar in 
each group, except that it was less common in those with pure valvular stonosis. It often developed 
rather late, some time after valvotomy or infundibular resection. Sometimes it lasted for most of 
the operation and had not returned to the iso-electric level at the end, but more often it had nearly 
or quite disappeared before the operation finished. It was never present in records taken on sub- 
sequent days. 

In about half the cases the depression was not great, being 3 mm. or less (13 cases, | mm.; 16 
cases, 2 or 3 mm.). In the other half it was 4 mm. or more: it was about 5mm. in 12, between 

and 10 cm. in 9 cases, and in one, who caused no special anxiety during or after the operation, it 
as as muchas 12mm. Examples of fairly severe depression are shown in Fig. 6 from two patients 
iortly after valvotomy. The deeper depression was mostly in the patients who were having 
| fundibular resection or in those with pure pulmonary stenosis and a right-to-left inter-atrial shunt. 

Sometimes there was S-T depression in leads II and III with reciprocal elevation in lead I. 
\Vhen it followed the injection of local anesthetic into the ventricular muscle at the site of the pro- 
; osed incision it always had this form. At other times and especially during valvotomy and 
fundibular resection the depression was usually in all leads without reciprocal elevation. It was, 
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however, of the reciprocal form in 5 patients during valvotomy and in 5 others where it occurred 
later than this: two of these died (Cases 3 and 4) but the other three did well and caused no specia! 
anxiety. 

It was seen more frequently in these operations (80°) than in those for mitral stenosis (62%) 
where it was of about the same degree. There, as during pulmonary valvotomy, it was not often 
of the reciprocal type. 




















Fic. 5 Fic. 6 


Fic. 5.—Changes from right to left bundle branch block shown in all three leads within a few minutes, and on the 
right the disappearance of bundle branch block towards the end of the operation. Case P087, standard leads 
I, If, and Il. 


Fic. 6.—Severe S-T changes. (A) During collapse after valvotomy with some S-T depression. (B) Two minutes 
later, increasing S-T depression with nodal rhythm and bundle branch block. (C) Fourteen minutes later, deep 
S-T depression. (D) An hour later at the end of operation, the S-T depression has almost disappeared. (A)-(D) 
Case 0032, lead II. (E) Deep S-T depression sometime after valvotomy, probably due to the use of catheter 
for recording pressures. (F) Ten minutes later, almost normal. (G) Thirteen minutes later, severe S-T depression 
during closure of the heart. (H) An hour later at the end of operation with a return to normal. (E)-(H) Case 
0024, lead III. 


DIRECT VENTRICULAR TRACINGS 


We have taken direct tracings from the surface of the ventricle before and after the injection of 


the local anesthetic in seven cases. Generally about 3-5 ml. of 0-5 per cent procaine was injected 
at the site of the incision. There was always a large increase of S-T elevation, generally with a 
much smaller S wave (Fig. 8A). The increase of the S-T elevation in the electrogram was enormous, 
from 110 to 170 mm., in 4 of the 7 cases. Similar but slighter changes were seen for 1-2 cm. round 
the site of the injection (Fig. 8C), but not 3-5 cm. away from the site towards either border of the 
ventricular surface (Fig. 8B). 

The degree to which these changes were shown in the standard leads varied and Fig. 7 gives an 
example where they were striking in the electrograms but much less in the standard leads; in spite 
of the magnitude of the changes they generally disappeared within a few minutes (Fig. 7C), pro 
bably as soon as the local anesthetic was absorbed. 


OTHER CHANGES OF RHYTHM 


Heart Block. This was rare, apart from the examples of A-V dissociation already described, 
and even lengthening of the P-R interval was uncommon. It may, of course, have been missed 
when tachycardia led to the P wave being hidden in the preceding T wave, but we do not think this 
happened often. There were, however, three cases where heart block developed. In one who 
recovered, there was 2:1 heart block and dropped beats; the other two died, Case 4 showing 3:” 
and 2:1 heart block and Case 5 showing partial heart block with dropped beats. 

Auricular Fibrillation and Flutter. No example of either of these rhythms was observed. This 
agrees with clinical experience that they are uncommon in the types of congenital heart disease in 
question. 
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Ventricular Fibrillation. This was observed in one patient who lived for ten days afterwards 
(Case 1, see below), and in two who died. In the first it followed a period of irregular ventricular 
riythm and cardiac standstill. In the second (Case 2) it occurred before valvotomy had been 
aitempted and followed a period of cardiac standstill. In the third (Case 3) it followed ventricular 
tachycardia: after a short period sinus rhythm returned but only for a time. 









































Fic. 7 Fic. 8 


FiG. 7.—(A) Before, (B) immediately after, and (C) some minutes after injection of procaine into the myocardium. 
(B) Shows the amount of S-T elevation and depression that is reflected in the standard leads. Case OA04, 
leads I, II, and III. 


Fic. 8.—Electrograms from the surface of the ventricle before and after the injection of procaine. Above, before 
injection; below, after injection. (A) Gross S-T elevation, at the site of the injection. (B) Little or no S-T 
elevation, at the antero-lateral border of the right ventricle. (C) Slight S-T elevation, 1-2 cm. away from the 
site of injection. Compare Fig. 7 which shows how far these changes were reflected in the standard leads. Case 
OA04. The standardization of all these was greatly reduced. 


TEMPORARY RECOVERY AFTER VENTRICULAR FIBRILLATION 


Case I (0133). A boy, aged 7, with Fallot’s tetralogy. There was, as often, some temporary 
flattening of the T waves when procaine was injected into the heart, and some widening and notch- 
ing of the QRS complexes. During infundibular resection there was complete bundle branch block 
and soon after paroxysmal ventricular tachycardia of the S type that did not seem to have been 
caused by any particular use of the finger or punch. It was difficult to say exactly when the par- 
oxysms started and ended as the rate increased and decreased less suddenly than is usual (Fig. 9B). 

Later there was A-V dissociation and a change from left to right bundle branch block (Fig. 9C). 
\ moment later there was a period of slower and irregular ventricular rhythm with asystole for 
four seconds after which there was ventricular flutter. This lasted about four minutes and included 
a very short period of more irregular action like ventricular fibrillation (Fig. 9D). He then resumed 
a slow ventricular or nodal rhythm and this was again interrupted by asystole for six seconds, which 
was not followed by ventricular flutter on this occasion. The ventricular rhythm gradually became 
faster and this stage lasted for about 45 minutes till he left the theatre. Half an hour later in the 
ward the cardiogram was normal except for slightly wide QRS complexes and in another half an 
hour this had passed off (Fig. 9E). The patient died ten days later but it seems that the heart itself 
'ad recovered, probably permanently, and that he died because of the cerebral damage sustained 
\ hen he was without any effective cerebral circulation. 


COURSE OF EVENTS IN PATIENTS WHO DIED 


Four of the 70 patients died during the operation. One had pulmonary valvular stenosis with 
right-to-left inter-atrial shunt and the others had Fallot’s tetralogy. They collapsed at very 
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different stages—Case 2 before the operation had been started, Case 3 just after the finger wa 
inserted in the infundibulum, Case 5 soon after the completion of the valvotomy and resection, anc 
Case 1 who recovered temporarily, some time after the infundibular resection; Case 4 seemed al 
right till the chest was being closed nearly an hour after the infundibular resection. 
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Fic. 9.—Ventricular tachycardia (B), bradycardia, and ventricular fibrillation (D), in a patient who made an 
immediate recovery but died ten days later. See text. Case 1 (0133), lead II. 


Sometimes the electrocardiogram gave the earliest warning that the patient’s condition was 
becoming serious (e.g. Case 3): sometimes the patient collapsed with a relatively normal cardiogram 
and changes in this came later (Cases 4 and 5). These four patients are described more fully. 

Case 2 (0041). This girl, aged 10, had pulmonary valvular stenosis with a closed ventricular 
septum and a right-to-left inter-atrial shunt. She had deteriorated greatly during the year before 
operation and the heart had become larger. 

The first cardiogram, taken with the patient on the operating table but before the operation had 
started, was already abnormal, showing a nodal rhythm, 60 beats a minute, and 2:1 retrograde 
block (Fig. 10A). The rate soon slowed so that four minutes later it was only 37 and the QRS 
complexes widened to 0-15 sec. A moment later the heart appeared clinically to have stopped com- 
pletely. An intra-cardiac injection of adrenalin was given and the chest was rapidly opened. The 
rate continued to fall until four or five minutes after the incision it was 22: the QRS width was now 
0-26 sec. and there was no certain evidence of auricular activity (Fig. 10B). 

The QRS then almost divided into two separate complexes with a total width of 0-52 sec. (Fig. 
10C) and a minute later the rhythm became irregular with rates up to 95 a minute (Fig. 10D), though 
a regular rhythm returned from time to time. Intracardiac adrenalin was again given and a minute 
later there were two short runs of ventricular tachycardia at rates of 175 and 165 (Fig. 10E), after 
which bradycardia (35 a minute) appeared again with asystole for 3 seconds. 

The pericardium was now opened and the forks to control bleeding from the incision in the right 
ventricle were inserted. Ventricular flutter at 270 a minute appeared and was at once followed by 
fibrillation (Fig. 10F). This alternated with multifocal ventricular tachycardia for the next 
15 minutes, in spite of an intracardiac injection of procaine. The ventricular rhythm persisted 
(Fig. 10G) and soon slowed to 60 a minute, perhaps as the result of an injection of calcium chloride. 
The rate rose again to 120 and continued to vary a good deal and finally slowed (Fig. 10H) to 
complete asystole about 40 minutes after the onset of ventricular fibrillation and an hour after the 
first cardiogram. 

Case 3 (P063). This man, aged 28, had Fallot’s tetralogy, and infundibular resection was 
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carried out as he was becoming progressively disabled. There was some S-T depression soon 
afcer the chest was opened, and three ventricular extrasystoles when procaine was injected, but no 
noticeable effect when the incision into the heart was made. Occasional single extrasystoles fol- 
loved the use of the valvotome but up to this time the record had shown very little disturbance. 
Immediately after the finger was used in the infundibular stenosis, QRS became wider and there 
were more ventricular extrasystoles and S-T depression, and a minute later frequent multifocal 
ventricular extrasystoles (Fig. 11A). After another half minute, there was ventricular fibrillation 





Fic. 10.—Slow nodal rhythm, paroxysmal ventricular tachycardia (E), ventricular flutter and fibrillation (F), followed 
by a very slow ventricular rhythm and some signs of auricular activity (H) as the patient was dying. See text. 
re Case 2 (0041), lead I. 



















































































Fu. 11.—Multifocal ventricular extrasystoles (A), ventricular flutter (B), and fibrillation (C and F) with a slow 
ventricular rhythm (H) as the patient was dying. See text. Case 3 (P063). (A) lead III, (B) lead II, rest 
Vals II or IIT. 
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and short runs of ventricular flutter (Fig. 11B), followed by a type of fibrillation that was coarser 
than usual (Fig. 11C). 

Ventricular complexes then became wider at a rate of 100 and the P waves could now be seen 
clearly at a rate of 75 (Fig. 11D). There was a period of asystole lasting 5 seconds with regular P 
waves at a rate of 77 (Fig. 11E) and then a more rapid ventricular fibrillation, still with visible P 
waves (Fig. 11F). After 8 minutes of this there was a slower ventricular rhythm (Fig. 11G). By 
this time the patient was thought to have died but attempts at resuscitation were continued fo: 
another 15 minutes. The slow ventricular rhythm continued for half an hour, the voltage graduall) 
getting smaller and smaller (Fig. 11H). 

Case 4 (0224). This woman, aged 19, had Fallot’s tetralogy. When the anesthetic was startec 
the T waves became flatter as often, and when procaine was injected into the heart there were a few 
extrasystoles and nodal escape. When the incision into the ventricle was made there was a single 
ventricular extrasystole, and when a probe was passed through the valve there were two extra- 
systoles and rather more when the punch was used, all these being of the R type (Fig. 12A). A 
few minutes later with the use of dilating forceps, there was temporary S—T depression and when the 
finger was used this increased and there were also extrasystoles (Fig. 12B); but neither lasted long, 
and when the infundibular resection was completed the electrocardiogram was practically norma! 
(Fig. 12C) and her condition seemed good. 

Half an hour later as the chest was being closed there was some S-T depression, but this is not 
unusual. Nearly an hour after the valvotomy Mr. Brock was not satisfied with the patient’s con- 
dition but the electrocardiogram was quite unchanged. A minute later there was sinus bradycardia 
at about 60 instead of the previous rate of 130. It quickened to 130 but slowed to about 46, with 
nodal escape and then A-V dissociation with interference (A about 40 and V about 48); the patient 
was becoming worse. The T waves were rather more biphasic but there was not much else to show. 
Fourteen minutes after the patient’s deterioration the cardiogram was really abnormal for the first 





Fic. 12.—Ventricular tachycardia, irregular ventricular rhythm (D), bidirectional ventricular complexes (F), ventr - 
cular tachycardia (G), and gross S-T elevation (H), with final and slow ventricular rhythm with some evidenc?2 
of auricular activity (J) as the patient was dying. See text. Case 4 (0224), lead III, if not marked. 
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time with large and more irregular ventricular complexes for a few seconds (Fig. 12D). The P-R 
interval then lengthened to 0-42 sec. with similar large ventricular complexes (Fig. 12E). There 
was then a slow sinus rhythm and escape, the QRS complexes widening up to 0-12 sec., and occa- 
sional runs of three or four ventricular extrasystoles. There was some anxiety about the patient’s 
condition but it did not seem very grave. A few minutes later there was a good response to methe- 
drine and the cardiogram became normal at 122 with a P-R interval of 0-18 sec. However, it 
gradually slowed again to 75 and two different types of ventricular response appeared. The 
P-R interval gradually lengthened to 0-34 sec. with dropped beats and sometimes with ventricular 
escape. After a further recovery and relapse there was a short period with bidirectional ventricular 
responses (Fig. 12F), then 2:1 heart block with widened QRS complexes, then complete dissociation 
(A, 106; V, 61), then 2:1 heart block with a P-R interval of 0-44 sec., and later 3:2 heart block. 
The patient’s condition was getting worse and 36 minutes after her collapse there was a regular 
ventricular tachycardia at about 140 (Fig. 12G). This was followed by a very abnormal S-T 
elevation of two types (Fig. 12H). The auricular rhythm then became slow (52) and irregular with 
some ventricular responses, the P—-R interval increasing from 0-28 and 0-63 sec. The auricular rate 
fell further and in the final records, 48 minutes after her collapse, there was A-V dissociation with 
the atrial rate about 34 and the ventricular rate about 17 (Fig. 12J). 

Case 5 (0057). A girl, aged 5, with Fallot’s tetralogy complicated by a single A-V valve. 
In the early stages of the operation there was no more than partial bundle branch block and after 
the injection of procaine a few ventricular extrasystoles followed by some temporary S—T depres- 
sion. The valvotomy itself was uneventful: the S-T depression had gone and there were only a 
few ventricular extrasystoles, the longest run being three beats. The operation seemed shorter and 
less traumatic than many. 

There was no clinical or cardiographic anxiety until half a minute after the punch had been 
used for the last time, when about the same time her condition deteriorated clinically and partial 
heart block with dropped beats was seen for 20 seconds. It seemed that the collapse was peripheral 
rather than directly cardiac. A minute later there were for the first time multifocal extrasystoles 
(Fig. 13A) and later the rhythm slowed from 120 with a long P-R interval to a sinus bradycardia 
(Fig. 13B). This has generally been a most unfavourable sign. 

Within a few minutes she seemed to have died, though attempts at resuscitation were continued 
for more than half an hour. Next there was a sinus tachycardia with a long P-R interval, then 
multifocal extrasystoles and then bradycardia again for 5 minutes, when cardiac massage was used. 
This was followed by nodal rhythm with an inverted P and a shorter P-R interval and then by 
alternating slower sinus (61 to 55) and nodal rhythms (65 to 58) with multifocal extrasystoles 
(Fig. 13C). After this there were again asystole for 6 seconds, and then sinus rhythm with P 
waves varying from 105 to 48 with a 2:1 response; this went on for about 6 minutes and was fol- 
lowed by about the same period of a slow irregular ventricular rhythm (Fig. 13D). 

The rhythm then changed to ventricular flutter at a rate of 150 (Fig. 13E), becoming slower and 
irregular, ventricular fibrillation (Fig. 13F) and then regular again at 120. These changes recurred 
t,o or three times and there was a regular rate as fast as 165 and a slow and irregular ventricular 
rhythm with probable evidence of auricular activity at about 100 (Fig. 13G). At one time this was 
more obvious and regular at 108 with A-V dissociation. The last records showed ventricular beats 
0: ly, not very irregular, at about 12 a minute. 


DISCUSSION 


The body of this paper has been a description of the course of events rather than a discussion 
o! the causes: it shows the difficulties inherent in the method of clinical observation as opposed to 
th it of experiment. The many facets of anesthetic and surgical technique must be decided by the 
su -geon and anesthetist as seems best for the patient, and single factors cannot be changed as they 
ca | be in experiment, to judge their importance. 
Cardiac arrhythmias are specially liable to occur in intrathoracic surgery and it is known that 
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Fic. 13.—Bradycardia with multifocal extrasystoles (C), ventricular flutter (E), and fibrillation (F) with a return of 
auricular and ventricular rhythm (G) but without clinical recovery. See text. Case 5 (0057) (B) lead II, all 
others lead III. 


cyclopropane may cause ventricular tachycardia or even fibrillation since Meek et al. (1937) showed 
this in dogs. It may, therefore, be felt that cyclopropane is an unwise choice for cardiac surgery, 
but the anesthetists concerned think it has proved its value by the good results obtained in so many 
patients with grave heart disease. 

Often it is not clear how far electrocardiographic changes recorded during the operation are due 
to the anesthetic and how far to the operation itself, though the observations of Ziegler (1948) on 
similar patients having subclavian-pulmonary anastomosis suggest that the changes found much 
more frequently in our series are due to the direct operation on the heart. For example in his 
series, heart block and complete bundle branch block were found only in those who died and this 
was also true of the only three examples of paroxysmal ventricular tachycardia and the only examp'e 
of ventricular fibrillation. 

Anesthesia is unfamiliar ground to most cardiologists; and anesthetists, who have so much 
empirical and almost instinctive wisdom, are often without an equal knowledge of the changes in 
the heart and its rhythms. Although continuous electrocardiography during anesthesia has becn 
used for some years and discussed in a series of papers by Johnstone (1950-1953) it is still a new 
subject with much to be learned. Two conclusions can, however, be reached with certainty. 

The short paroxysms of ventricular tachycardia that accompany mitral and, less constantly, 
pulmonary valvotomy, recur with the regularity of experimental results and here one can be certain 
of cause and effect. Their greater frequency during mitral valvotomy, especially at the mome it 
when the finger is inserted in the valve suggests that obstruction of the circulation is the main cau:c, 
though direct trauma must also be considered. 

The S-T depression and reciprocal elevation that follow the injection of local anesthetic in.o 
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e ventricle are equally clearly caused by this injection and disappear quickly as it is absorbed. 
he cause of the S-T depression at other stages is less obvious. It is uncommon (4%) in operations 

r subclavian-pulmonary anastomosis (Ziegler, 1948) and is rarely seen in ordinary operations 

ohnstone, 19534) though Jaruszewski et al. (1953) have noted it and think it is due to anoxia. 
Anoxia may be the explanation of some of our cases though direct trauma to the heart seems the 
more likely reason for its frequency. Harris (1953) points out that S-T depression and bundle 
branch block may be produced by over-dosage with cyclopropane, trilene, and intravenous pro- 
caine as well as by anoxia. 

Bundle branch block during anesthesia will not be detected without electrocardiograms, but 
even with these Johnstone (1953a) finds it rare. Reporting four examples in patients with normal 
hearts he points out that many other hearts had been brought to the stage of standstill from vagal 
stimulation without it appearing. In his cases it followed the inhalation of ether when atropine 
had been used in relatively small doses, so was probably caused by pulmo-cardiac reflexes. He 
also discusses the difficulty of distinguishing bundle branch block and ventricular rhythms on single 
records—a point of practical importance because, in his experience, ventricular rhythms can 
generally be stopped by stimulating the vagal pulmo-cardiac reflexes and so abolishing the 
ventricular irritability due to sympathetic over-activity. 

The many changes in the pacemaker and the frequency of nodal rhythm and of A-V dissociation 
with or without interference are almost certainly due to the anesthetic. They are common features 
of anesthesia in many operations (Kurtz ef al., 1936) and were frequently found by Ziegler (1948) 
at all stages of anesthesia, and by Jaruszewski ef a/. (1953) especially before the operation started 
and during manipulations of the pleura and mediastinum. A-V dissociation is uncommon in 
extra-pulmonary operations except with too light anesthesia or after over-dosage with cyclo- 
propane or trilene (Harris, 1953). Generally, these changes in the rhythm are almost certainly 
caused by reflex vagal inhibitions: the vagus influences the S-A node more than the A-V node, so 
that the normal pacemaker easily loses control. In themselves they are probably without sig- 
nificance except as a warning that a higher degree of vagal inhibition may follow. 

Sinus Bradycardia and A-V Block. It is clear from these cases that undue slowing of the heart 
should give rise to much more anxiety than tachycardia. Harris (1951) has stressed the anxiety 
that should be felt in general anesthesia when the heart rate becomes unduly slow. He states: 

. Vagal over-action during the stage of anesthetic sleep may slow the pulse and may even 
produce cardiac arrest.’ But he also states: ‘‘ A rise of pulse rate produced by anoxia or by a 
deficient venous return is of serious import and unless relieved, tachycardia of this origin may result 
in cardiac arrest.” These two contrasted states of bradycardia and tachycardia, where both may 
lead to a serious issue, will be referred to again in discussing the patients who have died. 

It is well recognized that vagal reflexes can go further and produce A-V block when, unless the 
patient is to die, the ventricle must start its independent rhythm. These changes can, of course, 
be caused by anoxia and other factors, including direct surgical intervention, but when, as in some 
o! these cases, they follow on sinus bradycardia, it seems likely that they are largely a vagal effect 
id may perhaps be prevented by more atropine. 

Ventricular Rhythms. The relationship between the different ventricular rhythms is not well 
iderstood. Normally, the independent ventricular rate is 25 to 40, but in younger patients it 
ay be 50 or 60, and in conditions such as diphtheria, and perhaps anesthesia, even faster. In 
ese cases, as might be expected, the ventricular rhythms show many abnormal features. The 
s ower rhythms are generally irregular and often vary in form in a way that is unusual in complete 
art block. It is uncertain whether there is any fundamental difference between the faster and 
e slower paroxysms of ventricular tachycardia, and certainly in these records during operation 
seems hard to draw any dividing line. At the upper extreme the rates have been as fast as 200 to 
.'0 and occasionally about 250. Lucas and Short (1952) have failed to find any evidence that pro- 
ine amide helps in the prevention of these arrhythmias, though its success in terminating them 
‘ ems that its use should be considered. It is fairly certain that at these rapid rates there is no 
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adequate mechanical contraction of the heart and that the output is little or no better than with 
ventricular standstill. 

This is certainly true when the next step of ventricular flutter is reached. The existence of this 
rhythm has been doubted but very characteristic curves are shown in many of these patients (Fig. 
10F, 11B, 13E, and perhaps 9D), curves that have the features of a continuous wave similar to the 
picture of auricular flutter. It is not very dissimilar from some paroxysms of ventricular tachy- 
cardia, but seems to be an entity. Although fairly common in these records during operation, it 
is rarely seen in ordinary conditions. A further reason for thinking that it is a real entity is the 
way in which it is so constantly followed by the much more irregular tracings that are accepted a: 
ventricular fibrillation. 

Ventricular Fibrillation and other Cardiac Rhythms at the time of Death. There is so much 
individual variation that it is not easy to generalize but certain sequences seem of special significance 
In this series there were five deaths—four during the operation and one ten days later from the 
cerebral damage that occurred at operation (Case 1). 

Case | showed a slow ventricular rhythm, asystole, ventricular flutter and fibrillation, followed 
by good recovery of the heart. Case 2 died with slowing of the heart followed by cardiac stand- 
still: ventricular flutter and fibrillation were recorded only after the patient was thought to be dying. 
Case 3 had multifocal ventricular tachycardia followed by ventricular flutter and fibrillation. 
Case 4 had severe sinus bradycardia and about 14 minutes later bidirectional QRS complexes, 
ventricular tachycardia, A-V block, and finally a slow ventricular rhythm. Case 5 had severe 
sinus bradycardia at the time she was thought to be dying but multifocal ventricular rhythm and 
ventricular flutter were recorded while resuscitation was being attempted. 

In general, therefore, sinus bradycardia was a grave sign (Cases 1, 2, 4, and 5); in Case 3, how- 
ever, ventricular tachycardia was the first serious sign and was quickly followed by ventricular 
flutter and fibrillation. 2:1 complete heart block only occurred in three patients and two of these 
died, so that it seemed nearly as dangerous a sign as ventricular flutter and fibrillation. 

The findings during mitral valvotomy and during angiocardiography will be briefly compared 
with these. 

During Mitral Valvotomy. Four of these patients died from direct cardiac causes during opera- 
tion, though in two of these the heart had recovered for a time and death followed the cerebral! 
damage sustained while the circulation was ineffective. Three of these four had ventricular flutter 
and fibrillation (Campbell and Reynolds, 1952). 

The first (G7) had complete A-V block, which disappeared when cyclopropane was stopped, 
before the chest was opened. Afterwards there was bundle branch block and S-T depression, 
multifocal ventricular tachycardia, and then asystole for two seconds. The ventricular rhythm 
became faster and changed to ventricular flutter at 150 and fibrillation, which lasted for 7 minutes. 
Normal rhythm was restored after methedrine but the patient did not recover consciousness and 
died four hours later. 

The second (G15) was rather similar. The P-R interval lengthened to 0-34 and during valvo 
tomy to 0-60 sec., and QRS widened to 0-18 sec. There was then 2:1 and complete A-V block 
with a slow ventricular rhythm which gradually quickened and changed its form to ventricula: 
flutter and fibrillation; this was before the injection of adrenalin though fibrillation recurred afte 
its use. Normal rhythm returned but she did not recover consciousness and died four hours later 

The third (G14) had no records that could be deciphered until 15 minutes after valvotomy, whe 
there was ventricular fibrillation that—in contrast with the previous patients—continued until hi 
death which took place in the operating theatre. 

The fourth (G73) had the usual short paroxysms of ventricular tachycardia during valvotomy 
The rate then slowed and the patient collapsed with complexes that became wider and more variabl 
in shape and rate (50-175): they were thought to be multifocal ventricular extrasystoles, not ventri 
cular fibrillation. The S—T interval became more depressed and the patient died soon afte 
returning to the ward without much further cardiographic change. 
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Ventricular fibrillation occurred also in two patients who did well. In the first (G29) there was 
linical cardiac arrest after valvotomy, the longest asystole in the graphic records being 3 seconds 
n a period of slow irregular ventricular complexes with deep S—-T III depression. After adrenalin 

und methedrine the rhythm quickened with more irregular complexes and changed to ventricular 
iibrillation which lasted 30 seconds. There was a return of sinus tachycardia with a more gradual 
eturn of normal QRS and S-T complexes: the patient made a good recovery. 

In the second (G33) there were paroxysms of ventricular tachycardia during valvotomy and 
soon after this ventricular flutter and fibrillation, each for about 3 seconds; the rhythm quickly 
returned to the usual auricular fibrillation. 

To sum up, three of the patients who died had ventricular flutter and fibrillation and the fourth 
had a slow multifocal ventricular rhythm. There were, however, two other patients with ventri- 
cular fibrillation who made a good recovery. In three of the five with ventricular fibrillation, it 
followed a period of asystole or A-V block. In the operations for mitral valvotomy the P-R 
interval often lengthened (once with dropped beats) but no higher grade of block than this was 
observed except in two of these patients (G7 and G15) who died. 

During Angiocardiography. Although the effects of the injection of diodone—mainly depres- 
sion of conduction and S-T changes—differ from those of operations for pulmonary or mitral 
stenosis, a few patients will be discussed briefly, to compare the cardiac mechanism. There were 
three patients who died after angiocardiography (Reynolds, 1953). 

In one there were widened QRS complexes and S-T depression a minute after the injection of 
diodone. One minute later, the patient collapsed with increasing bundle branch block, followed 
by ventricular tachycardia, flutter, and fibrillation, which continued with a diminishing voltage 
until his death two hours later (Reynolds, 1953, Fig. 2). 

In the second, a fall of blood pressure and the onset of bundle branch and partial A-V block 
occurred simultaneously four minutes after the injection and were followed by ventricular extra- 
systoles, singly and in short paroxysms, irregular sinus bradycardia, and then irregular ventricular 
tachycardia which persisted until cardiac massage was discontinued. Auricular and ventricular 
complexes could be recognized some time after the patient was thought to have died (Reynolds, 
1953, Fig. 3). 

In the third, there was partial A-V block and bundle branch block even before the injection: 
& minutes after it the patient collapsed with a slow ventricular rhythm. An auricular rhythm with 
a high grade of A-V block returned from time to time, but the rhythm and the ventricular complexes 
both became more abnormal and slower and continued after the patient was dead (Reynolds, 1953, 
Fig. 4). 

Three of the patients having angiocardiography showed rather similar changes without causing 
any clinical anxiety. His Cases 7 and 8 developed severe S-T depression and bundle branch block 
but not for much more than a minute. Case 9 showed severe depression of A-V and intra-ventri- 
cular conduction. 

Three others caused clinical anxiety but made a good recovery. One collapsed half an hour 
after the injection; no more than S—T depression had been observed, but no tracing was available 
at the time of her collapse. One showed partial A-V block with increasingly wide QRS complexes 
hut the collapse did not come till 21 minutes later when there was complete bundle branch block. 

he third showed only slight changes until his sudden collapse six minutes after the injection, when 
iere was partial A-V block which lasted for 20 minutes. 

Here ventricular fibrillation was seen in one patient only and A-V block and bundle branch block 
ere seen more often: in fact, depression of conduction seemed the most common danger. 


TERMINAL RHYTHMS OF THE HEART 


In this series the last record was nearly always a slow ventricular rhythm, with A-V dissociation 
there was any evidence of auricular activity, whatever the heart’s mechanism at the time the 
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patient was dying. Sometimes this could be seen fairly near the end (Cases 3 and 5) and some- 
times right up to the end (Cases 2 and 4). 

This was not true of the patient’s dying during mitral valvotomy: in two of the four normal 
rhythm had returned, and the patients left the operating theatre but died about four hours later 
without recovering consciousness, and there are no records of this period. The other two died in 
the theatre, one with persistent ventricular fibrillation, the voltage gradually becoming lower; and 
the other, who had auricular fibrillation before operation, with little change other than widened 
QRS complexes and S-T depression. 

Of the three patients who died during angiocardiography one had persistent ventricular fibrilla- 
tion with complexes of progressively lower voltage. The other two had respectively a slow ventri- 
cular rhythm and an irregular ventricular tachycardia at the time they were thought to have died. 
but independent slow auricular and ventricular rhythms could be distinguished for a long time 
afterwards. 

A good deal has been written about the electrical mechanism of the dying heart, since Robinson 
(1912) found that either the ventricle or the auricle might continue beating longest, that there was 
often A-V dissociation, and that electrocardiographic changes might continue for thirty-five minutes 
after clinical death, as in our records. Turner (1931), reviewing 65 cases and some of his own, 
found the mechanism very varied, but slowing of the heart was the most constant sign, occurring 
in 70 per cent: there might be nodal or idio-ventricular rhythms and sometimes terminal ventricular 
fibrillation. As the changes appeared only a few minutes before clinical death he did not think 
them likely to be of practical help. He often found changes in the ventricular complexes, a decrease 
of R and an increase of T with the two running together so that there was gross S-T elevation-—a 
form that we have seen in some of these records. More recently Stroud and Feil (1948), found that 
slow abberrant ventricular complexes were common terminally, that standstill of the heart was the 
terminal mechanism in at least half of the patients, and that ventricular fibrillation was not as fre- 
quent as had sometimes been suggested. Harris (1948) in experimental results on dogs found that 
ventricular fibrillation occurred in about half the cases dying after coronary occlusion, but when 
anoxia was the factor, fibrillation was rare and changes of pacemaker and A-V block were the usual 
start of the terminal changes. 

SUMMARY 


The electrocardiographic changes that have been seen with continuous recording during 70 
direct operations for pulmonary stenosis, both valvular and infundibular, have been analysed and 
discussed. Patients with Fallot’s tetralogy and those with pulmonary stenosis and a closed 
ventricular septum do not differ greatly in this respect, so have generally been discussed together. 

Changes in the pacemaker, nodal rhythms, and A-V dissociation, with or without interference, 
are all very common; they are probably due to the anesthetic rather than to the operation itsel! 
and are not of much significance. 

There were as a rule some ventricular extrasystoles, but generally not many, though half the 
patients showed short paroxysms of ventricular tachycardia at some stage of the operation, rather 
more often when procaine was first injected into the myocardium and during the early stages 
of valvotomy or infundibular resection. They were not so common nor so long as the similar 
paroxysms observed during mitral valvotomy but, like these, they were often irregular in timing 
and sometimes multifocal in form. 

Bundle branch block did not generally seem of serious significance and was much less common 
than during mitral valvotomy. 

S-T depression with reciprocal elevation occurred during the injection of procaine into the 
ventricular muscle but passed off quickly. Direct electrograms showed how large this depression 
elevation was over the site of the injection though the reflection of it in the standard leads was much 
less. S-T depression was seen at other times also but did not seem of grave significance though 
in its extreme form it is probably due to anoxia or trauma to the heart. It had generally passed off 
before the operation ended. 
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Auricular fibrillation was not encountered. Ventricular fibrillation was seen in three patients; 

vo of these died during the operation but the third recovered for ten days to succumb to the 

cerebral effects sustained when his circulation was ineffective. A-V block, complete or 2:1, occured 
ii three patients, two of whom died. 

The significance of these results has been discussed, and especially the changes found in the 
patients who died. They have been compared with the similar changes observed during operations 
for mitral valvotomy and during angiocardiography. The electrocardiographic patterns seen in 
the dying heart have been discussed briefly. 


We are indebted to Mr. Brock who performed the operations, and to Dr. Rink and Dr. Hutton who gave the 
anesthetics. We are grateful to them and also to Dr. T. A. B. Harris and to Dr. M. Johnstone of Bolton for dis- 
cussing the paper and for suggestions, though they cannot be held responsible for any of the views expressed. We 
should like to thank Mr. Muir, Senior Technician in the Cardiac Department for help with the many electrocardio- 
grams involved, and Mr. Engel of the Photographic Department, Guy’s Hospital, for their reproduction. 
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Attention has been drawn to the occurrence of pulmonary heart disease in South Wales coal 
workers suffering from severe pneumoconiosis. The clinical, radiological, and electrocardio- 
graphic features have been described by Thomas (1948) and, assessing right ventricular hypertrophy 
post mortem by a technique of differential ventricular weighing, he concluded that cardiographic 
patterns are poor indicators of early right ventricular hypertrophy (1951). Gooding (1946) 
distinguished between two types of cardiac failure encountered post mortem in Welsh anthracite 
miners—(a) congestive failure with peripheral oedema and ascites, and (4) terminal failure with 
pulmonary cedema. Right ventricular hypertrophy and dilatation were constant in almost all the 
cases that terminated in one of those ways, and the signs of right heart strain were evident in the 
advanced stages, as well as in those dying from cardiac failure. 

Gough (1940 and 1946) pointed out that hypertrophy of the right heart is common in massive 
fibrosis, that death may result from congestive cardiac failure, and that pulmonary thrombosis 
often seemed to have been the cause of death. 

In the U.S.A., numbers of similar reports have appeared dealing with the pathology of the 
cardiovascular complications of industrial lung fibrosis (e.g. Jaffé, 1934; Dyson, 1934; Coggin, 
et al., 1938; and Geever, 1947). These have amply confirmed the occurrence of right heart failure 
in such cases, but have often included classical silicosis with coal-worker’s pneumoconiosis or have 
failed to specify the particular industrial process. Gardner (1940) thought that in death from 
silicosis the heart was generally already damaged by arteriosclerosis or other causes, and was 
sceptical of an autopsy finding of right heart hypertrophy without arteriosclerosis is such cases. 
However, he conceded that areas of conglomerate fibrosis and emphysema in the lungs might add to 
a cardiac burden already imposed for some other reason. 

This paper is concerned with an analysis of the autopsy findings in 388 Welsh coal-workers, + 
with a view to establishing the frequency with which cor pulmonale heart failure occurred due solely 
to the industrial lung disease encountered. In another paper (Wells, in press) the anatomical! 
changes in the lung vessels have been described. Some degree of change was always seen, though 
it was usually slight in simple pneumoconiosis. Severe obliterative and destructive changes in the 
pulmonary vessels, large and small, were seen in the advanced ‘ massive fibrotic’ stage of the 
disease, whether accompanied by recognizable evidence of tuberculosis or not. This was accom- 
panied by variable degrees of enlargement of the bronchial arteries, which was thought to be an 
attempt to compensate for the rising pulmonary arterial pressure that resulted from loss of the 
pulmonary vessels. Thrombotic episodes were frequent in the pulmonary arteries, especially in 
the areas involved in massive fibrosis. 

Cardiac failure was a common cause of death, and as might be expected when the average age 

* Late pathologist to M.R.C. Pneumoconiosis Research Unit, South Wales; now at Institute of Pathology, Belfast 


_ t An account of the first 243 cases in this series was presented as a thesis for the degree of Doctor of Medicine 
of the Queen’s University of Belfast. 
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t death was 61 years, was frequently due, at least in part, to systemic hypertension, coronary 
: rterial disease, and valvular lesions. When these causes were excluded, however, nearly half the 
ien who suffered from the advanced form of coal-worker’s pneumoconiosis (progressive massive 
{.brosis) had died from right-sided heart failure that could be ascribed entirely to their industrial 
lung disease. With early simple pneumoconiosis, cor pulmonale heart failure occurred frequently, 
but could rarely be attributed to the industrial disease. 


MATERIAL AND METHODS 

All the 388 cases were underground colliery workers from the Rhondda, Merthyr, and Aberdare valleys, 
except two coal-trimmers handling the same type of semi-bituminous (steam) coal. These men came to 
autopsy in the Institute of Pathology of the Welsh National School of Medicine. Unfortunately they 
do not as a whole constitute a random sample of the coal-mining population in this coal-field, because there 
was a heavy bias favouring those whose relatives believed there were grounds for compensation, as well as 
a high proportion of proven cases of pneumoconiosis. All degrees of severity of the disease process were 
observed, however, because of the wide age range of subjects. 

The autopsies were all performed in the usual way by the writer, excepting that one lung was preserved 
for subsequent sectioning by the Gough and Wentworth technique; the other lung was dissected according 
to the German technique redescribed by Belt (1936), by which method the vessels are exposed down to their 
finest branches. In cases with massive dust fibrosis, a portion of the fibrotic area about 2 cm. in diameter 
was taken, if possible from an area showing suspicion of tuberculosis, for guinea-pig inoculation. In the 
heart, in addition to routine weighing and dissection, the thicknesses of the muscular parts of the right and 
left ventricles were measured on their anterior walls. A thickness of 5 mm. was accepted as the upper limit 
of normal for the right ventricle. In equivocal cases, account was taken of the general anatomical features 
of the cavity asa whole. The general pathological anatomy of the disease has been already fully described, 
(Gough, 1940, 1944, 1946; Fletcher and Gough, 1950; and Heppleston, 1947), and will only be referred to 
as required. 


The 388 cases are to be considered in three groups—simple pneumoconiosis, 181 cases; massive 
pneumoconiosis, 136 cases; and tuberculosis, 71 cases. Cases were put into the tuberculous 
category irrespective of the presence or degree of pneumoconiosis if they showed conventional 
macroscopic or microscopic evidence of tuberculosis of any organ, or if the guinea-pig inoculation 
proved positive for tuberculosis. The distinction between simple and massive disease was usually 
easy; examination of the Gough and Wentworth section was of great assistance in a few borderline 
cases. 


SIMPLE PNEUMOCONIOSIS 


The 181 cases of simple pneumoconiosis were subdivided with a view to identifying those that 
could be considered to have shown and died from cor pulmonale heart failure (Table 1). A total 
of 110 died primarily from acute or chronic cardiac failure, and 71 from other causes. 

From the 110 cardiac cases 47 were excluded either because they had sustained coronary occlu- 
sion recognizable by the findings of coronary thrombosis and/or myocardial infarction, or because 
they showed severe syphilitic coronary ostial narrowing (3 cases). Those with slight coronary 

theroma were not excluded, as according to Harrison and Wood (1949), even moderate degrees 
f atheroma do not necessarily cause narrowing during life. A further 25 considered to have died 
om systemic hypertensive cardiac failure and 9 with valvular disease of the heart, were examined 
‘parately. Those with both systemic hypertension and significant coronary atheroma were grouped 
cording to the major lesion presenting at autopsy. 

The degree of simple pneumoconiosis in these 81 cases that died of heart failure other than that 
ue to cor pulmonale will be considered briefly. This is probably given best by estimating the 
resence and severity of focal emphysema. They included only 7 with a fairly severe degree of 
cal emphysema and another 4 with any significant degree of general emphysema. The majority 
f them showed only moderate degrees of dust pigmentation, and there seem no grounds for believ- 

g that any special tendency towards coronary disease or hypertension existed in these miners by 
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TABLE I 


CAUSES OF DEATH 

















Simple Massive 
pneumoconiosis pneumoconiosis 

Coronary occlusion 47 18 
Systemic hypertension 25 14 
Cardiovascular disease 9 a 
Adrenaline poisoning | 0 

. je J Miscellaneous © 24 0 
Cor pulmonale \ pneumoconiosis 4 57 
Cardiac failure 110 94 
Other causes 71 42 
Total 74 136 





virtue of the state of theirlungs. Only three showed further lung changes, one having bron- 
chiectasis, one pulmonary thrombosis and infarction, and one (not included above) asthma; the last 
died from an overdose of adrenaline. 

The remaining 28 cases died from right-sided cardiac failure. Although they all had simple 
pneumoconiosis, most of them also had other pulmonary lesions, which after exclusion left only 
4 with cor pulmonale due to simple pneumoconiosis alone. In view of the apparently slight 
anatomical interference with the pulmonary vasculature this is not surprising. They all showed 
right ventricular hypertrophy. The most common complicating lesions in this group were general 
emphysema and bronchiectasis, and usually the slight degree of simple pneumoconiosis present 
left no doubt that it was not mainly responsible for the cardiac failure. 

The four cases with cor pulmonale due to simple pneumoconiosis included three on the border 
line between simple and massive pneumoconiosis, with small infective nodules and well marked 
emphysema in the vicinity of these lesions: there was as well a good deal of undoubted focal emphy- 
sema elsewhere. The fourth showed only the lesions of simple disease with severe focal 
emphysema, and he was the only one in which it could be said with confidence that he was free of 
general emphysema. 


MASSIVE PNEUMOCONIOSIS 


Ninety-four of the 136 cases died with evidence of congestive cardiac failure (Table I), some 
with causes other than pneumoconiosis. In such mixed cases the severe degree of pneumoconiosis 
present contributed something towards the development of cardiac failure; they were excluded in 
order to assess the frequency with which massive pneumoconiosis alone brought about death in 
cardiac failure. The complicated cases are dealt with first. There were 5 with valvular disease 
of the heart, 3 with calcific aortic disease, 1 with mitral calcification, and 1 with both mitral and 
aortic lesions; progressive massive fibrosis was severe in only 2 of them. There were 14 cases of 
systemic hypertension; their lungs showed all stages of progressive massive fibrosis and, in general, 
the emphysema encountered did not seem severe. Eighteen cases of coronary disease were included, 
15 with myocardial infarction and/or thrombotic occlusion of a coronary branch; again, the severity 
of the lung lesion was variable and bore no apparent relation to the cardiac changes. Out of the 
remaining 99 cases, 42 died from miscellaneous causes, leaving 57 cases of cor pulmonale. 

Massive Pneumoconiosis with Cor Pulmonale. Cases of systemic hypertension and valvulai 
disease were excluded, and considerations regarding cases with coronary atheroma were the same as 
in the simple pneumoconiosis group. One case had hitherto unsuspected early syphilitic aortiti: 
unassociated with valvular or coronary arterial lesions. Their ages were from 38 to 79 years 
averaging 59-8 years (56 cases). Fifty-four had heart weights from 200 g. to 530 g., averaging 375 g 
Right ventricular thicknesses were increased in all except three, measuring 4 mm., 5mm., and 5 mm 
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espectively, the first of whom had acute cor pulmonale from massive pulmonary embolism. The 
hicknesses ranged from 4 mm. to 9 mm. and averaged 6-9 mm. 

It is possible to gain further confirmation of the cardiac hypertrophy, by comparing the simple 
atio, heart weight/body weight, for 54 cases for which figures were available with those for 96 
men who were not miners with normal hearts and lungs, obtained from the post-mortem records of 
this department. The ratios of 76 per cent of the coal-workers with cor pulmonale and massive 
fibrosis were greater than 0-007, while those of 87 per cent of the control group were less than this. 

Fifteen of these cases showed thrombosis of a major branch of the pulmonary artery, usually 
that to one or other upper lobe which was the site of massive fibrosis. One showed evidence of 
pulmonary embolism as well, and a further one, already referred to, had massive pulmonary embol- 
ism resulting in acute cor pulmonale and death. Little comment is required about the actual 
degrees of pneumoconiosis encountered. All had well established massive fibrosis, nearly always 
associated with bullous emphysema which was usually severe. No other pulmonary lesions were 
found except terminal bronchopneumonia and pulmonary thrombosis. 

Massive Pneumoconiosis with Death not due to Heart Failure. None of the remaining 42 cases 
showed evidence of having suffered from congestive cardiac failure. Some of them showed 
evidence of right ventricular strain in hypertrophy of that chamber, after causes other than pneu- 
moconiosis were excluded. Thus, of 30 cases with no other lung lesion except massive fibrosis 
and with no other cardiovascular abnormalities, 10 had right ventricles more than 5 mm. thick. 
These 16 cases did not appear to have less severe dust disease as a group. They may have acquired 
their massive lesions much later in life, and thus not had time to reach the threshold of vascular 
interference at which cardiovascular effects become manifest. 


TUBERCULOSIS 


The 71 tuberculous cases from a somewhat heterogenous group, from which it is difficult to 
draw any conclusions as to the cardiovascular changes, because so many deaths were due to direct 
and indirect effects of the tuberculosis itself (when it was present in an active form) and also to other 
unrelated causes. Thus out of 60 cases with extensive chronic lung lesions, 29 died of tuberculous 
lesions such as miliary tuberculosis, tuberculous bronchopneumonia, enteritis, or meningitis, 
singly or in combinations, associated in one with extensive amyloid disease. Twelve of these had 
right ventricular hypertrophy, but showed no signs of being in a state of cardiac failure. 

Of the remaining 31 cases, 19 died from miscellaneous causes, including coronary occlusion and 
congestive cardiac failure: 12 are left and can be considered as having died from cor pulmonale 
heart failure. Eight had bilateral massive fibrotic lesions showing evidence of tuberculous activity. 
One other showed evidence of slight miliary spread. Another showed massive fibrosis which 
veilded a positive guinea-pig reaction. There were single cases of bilateral massive fibrosis with 
unilateral cavitating tuberculosis, and of bilateral massive fibrosis (itself not manifestly tuberculous) 

‘ssociated with recognizable diaphragmatic and pleural tuberculosis. 


DISCUSSION 


In cases of simple disease death could not often be attributed to cor pulmonale heart failure 
rom industrial disease alone. They were cases in which it was difficult to know if the correct 
lassification, was “simple” or ‘‘ massive.’’ All showed well marked emphysema, which was 
onsidered to be predominantly focal. 

In view of the advanced age at which death generally occurred, the lethal nature of massive 
neumoconiosis is shown by the fact that 57 out of the 136 cases (42°) had died directly from the 
ardiovascular effects of their severe lung disease. Moreover, in the others with cardiac failure, 
articularly those with systemic hypertension and valvular lesions, massive fibrosis and emphysema 
1ust have contributed materially to the cardiac burden. Whether the consequences of coronary 
cclusion and myocardial infarction are influenced to any extent by severe pneumoconiosis is a 


“ce 
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difficult question, but in some cases there must be a deleterious effect. Probably when coronary 
arterial disease is the main cause of a fairly prolonged cardiac failure, massive fibrosis, when present 
is a materially contributing factor. It is, however, difficult to believe that sudden death precipitatec 
by ‘ acute coronary insufficiency ” is affected in any way by the state of the lungs. 

In those with tuberculous complications, a full evaluation of the cardiovascular changes is ofte1 
precluded by the presence of a fatal form of tuberculosis, such as meningitis or bronchopneumonia 

However, this is not invariable and cases were seen who had cor pulmonale and died from thai 
form of heart failure. The usual clinical picture is predominantly that of the respiratory disability 
of pulmonary tuberculosis and its sequela, but cardiovascular effects due to dust fibrosis sometimes 
co-exist with active tuberculosis. 


SUMMARY AND CONCLUSIONS 


Necropsies on 388 coal-workers from the Rhondda and neighbouring valleys of the South Wales 
coal-field were classified into three groups, simple pneumoconiosis, massive pneumoconiosis, and 
tuberculosis. 

Simple pneumoconiosis rarely gave rise to right heart failure by itself, although the two were 
frequently associated in the presence of other pulmonary disease. In these mixed cases it is doubtful 
whether the simple pneumoconiosis played a significant part in causing death. 

Massive pneumoconiosis (42%) often gave rise to right heart failure without another cardiac 
disease. A further 27 per cent of this group died from heart failure, partly due to other lesions 
such as severe coronary arterial disease, cardiac valvular disease, and systemic hypertension, but 
the pneumoconiosis probably contributed materially to the cause of death. 

The assessment of cases with tuberculosis was complicated by the co-existence of lethal 
tuberculous lesions with heart failure, but 17 per cent of this group were considered to have died 
from cor pulmonale heart failure. 


I am indebted to Professor Jethro Gough for much help in the preparation and presentation of this work, and to 
the technical and photographic departments of the Institute of Pathology in the Welsh National School of Medicine, 
Cardiff. 
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BALLISTOCARDIOGRAPHIC OBSERVATIONS 
BY 


H. D. JACOBS* 


From the Department of Cardiology, Royal Infirmary, Edinburgh 


Received September 26, 1953 


Although it has long been known that body movement occurs with each heart beat (Gordon, 
1877), and in spite of great progress during recent years, the value of ballistocardiography as a 
diagnostic aid remains uncertain. The object of the present investigation was to assess its clinical 
value utilizing a direct body-type displacement ballistocardiograph. In addition, the effects of 
the inhalation of amyl nitrite upon the pattern IJ stroke of the ballistocardiogram was studied 
in normal subjects and in a group suffering from coronary artery disease. 


METHOD AND MATERIAL 


All the ballistic tracings were recorded by means of the Sanborn photoelectric ballistocardio- 
graph, a commercially developed instrument, consisting essentially of a cross-bar placed across 
the patient’s shins, into which has been built an optical system. This mobile portion of the apparatus 
emits a rectangular field of light, which is received by a stationary photoelectric cell, resting on a 
fixed table. Fluctuations in the field of light are registered by the photosensitive element of the 
cell, the voltage generated being proportionate to the amount of light impinging on the cell. The 
output of the cell is connected to an amplifier type of direct writing electrocardiograph. A pure 
displacement ballistocardiogram is therefore recorded. The only physical connection between the 
crossbar and cell is the beam of light which does not introduce compliance effects (Rappaport 
ef al., 1953). A filter system is attached to the photoelectric cell. 

Three hundred ballistocardiograms were recorded on 75 persons. This series is composed of 
three groups each of 25 subjects, comprising healthy adults under the age of 30 years, healthy adults 
between the ages of 40 and 65, and patients with proven coronary artery disease between the ages of 
38 and 70. Of the healthy controls a few were patients referred to the hospital and found to have 
normal cardiovascular systems, the remainder being members of the hospital staff. The subjects 


judged to have coronary artery disease all had a complete study by the Department of Cardiology 


0° the Royal Infirmary. All patients with evidence of congestive heart failure, left ventricular 
fvilure, or somatic tremor, and any who had suffered myocardial infarction within the previous 
two months were excluded from this series. There were 15 women among the young controls, 
5 in the older normals, and 6 in the coronary artery group. Eight of the 25 subjects with coronary 
avtery disease had suffered myocardial infarction from ten weeks to five years previously and three 
hid a raised blood pressure. 

With few exceptions the subjects came to the laboratory two hours after the last meal. Ballisto- 
¢ rdiograms were recorded as soon as the patient was connected up to the apparatus, this varying 
fi »m 2 to 7 minutes after lying down. All had, however, been sitting in the department for at 
lc ist 15 minutes before the first record. Records were taken during quiet respiration followed 
ii mediately by graphs with respiration suspended in expiration and then inspiration. Records 


* Working with a Nuffield Foundation Medical Fellowship. 
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were taken with the filter in and out. Six leads were therefore available for analysis after each 
tracing. The blood pressure in the right arm was then recorded. This procedure was repeat d 
after the subject had been lying down for 15 minutes and again at 30 minutes. A fourth ballist.- 
cardiogram was then recorded during and immediately after the inhalation of a 3-minim capsule 
of amyl nitrite. None of the patients had experienced the effects of amyl nitrite before and <|| 
recordings were made with the subjects lying in the horizontal position. As a further contr | 
6 normal young persons were subjected to the identical procedure two months after their first 
record. 

Although all the subjects had had the effects of amyl nitrite explained to them before the first 
record the original method was modified for 6 healthy young persons. After their records had 
become “ basal ’’ the effects of amyl nitrite were re-explained and a series of tracings, including 
blood pressure estimations, were immediately recorded. Five minutes after this emotional stimulus a 
second ballistocardiogram was recorded. Asa further control this procedure was followed 5 minutes 
later by the inhalation from an empty capsule, the subjects believing it to contain amyl nitrite. 
Five minutes later a further resting ballistocardiogram was taken and this was followed finally by 
a record taken during and immediately after the inhalation of a capsule containing amy] nitrite. 

Standard lead II of the electrocardiogram was simultaneously recorded to identify and time the 
ballistic waves. To allow for possible Valsalva and Mueller effects the expiratory and inspiratory) 
results were always compared with the records taken during quiet respiration. The beam of light 
generated from the optical system was kept constant, the electrocardiogram standardization was 
fixed at | cm.=1 MV., paper speed was 25 mm. per second and all measurements were expressed 
in either millimetres or seconds. The nomenclature adopted was that suggested in the first report 


of the Committee on Ballistocardiographic Terminology (Starr ef a/., 1953), and the analysis of 


each ballistocardiogram followed a modification of the scheme suggested by Brown et al. (1952). 

In order to measure the IJ stroke the H wave is first identified. This is a positive deflection 
coinciding with, or immediately following, the electrocardiographic QRS complex. The negative 
or footward deflection following the H is the I wave and the subsequent positive deflection is the 
J wave. The distance between the depth of I and the summit of J represents the IJ stroke. This 
is illustrated diagrammatically in Fig. la. 


H — 
BASE LINE 


FOOT WARD 





Fic. 1.—Diagrammatic representation of a typical ballistocardiogram occurring in (a) normal subjects and (b) patient 
with coronary artery disease. Both diagrams are twice the natural size and have been drawn from actual record 
to illustrate the striking ballistic difference that exists between the two groups. 
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RESULTS 


Group A. Twenty-five Normal Subjects under 30 years of age. In this group the inhalation of amyl 
nitrite produced a striking increase in the height of the IJ stroke in tracings taken with respiration suspended 
in expiration, and an even more highly significant increase when respiration was suspended in inspiration. 
A marked increase in heart rate and a slight but significant rise in both the systolic and diastolic blood 
pressures also occurred (Table I). The IJ values and heart rate increased in every instance, the maximum 


TABLE I 
BALLISTOCARDIOGRAPHIC CHANGES DUE TO INHALATION OF AMYL NITRITE 











Group A Group B | Group C 
Before amy] After amyl Before amy! After amyl Before amyl After amyl 
| nitrite nitrite nitrite nitrite nitrite nitrite 
| ; fl. ls: ele , a low f |e f ie ot 
S.D.0 ,, |9-D.0 a. | ee. @ a, |9-D.0 | eee .. | a. oO 
Mean |" nean | Me@" | “mean | Mean mean Mean ‘ean Mean "mean Mean mane 
Heart rate .. .- | 726 |+ 86 |126 +149 | 706 + 96 |106:7 +17:2 | 70-4 |410-8 | 93-2 +140 
Systolic B.P. -. (118-8 (ADIL [125-6 413-7 (127-7 (415-4 131-5 |418-6 137-5 |426-1 (137-4 {429-7 
Diastolic B.P. .. | 69-6 |4 7:3 | 75-9 |410°3 | 77-8 |411-7 | 81-8 [411-8 | 82°99 |415-7 | 84-4 [417-5 
Expiratory IJ stroke 
inmm. .. me 4:02'+ 1:68) 656/+ 2°83) 4:19 4+ 2:84; 5-52)4 2°87; 2:36'4 1:01) 2:°62/4+ 1-46 
Inspiratory IJ stroke 
in mm. oe 3-92\/+ 1:75} 7-68\/+ 3-43) 5-04)4 3-6 


67} 669/)+ 3-20; 3-3 |+ 1:76) 4:12\4 2-47 





Group A consists of healthy subjects aged thirty or less, Group B consists of normal persons aged 
40-65 years, and Group C patients with proven coronary artery disease. Each group consists 
of 25 subjects. One set of IJ readings was omitted from Group B because of somatic tremor. 


rises being from 6 to 11 mm. (expiratory IJ), 6 to 13-5 mm. (inspiratory IJ) and heart rate from 73 to 158 a 
minute. The systolic blood pressure increased in 19 subjects, remained unchanged in two and fell in four. 
The range was +38 to —6 mm. Hg. The diastolic pressure rose in 19 instances, did not change in three 
and fell in three, the range being +30 to —10 mm. Hg. In all tracings the K wave and subsequent diastolic 
waves showed a similar increase in depth after the administration of amyl nitrite, illustrated in Fig. 2. 








F. |. 2.—The effect of amyl nitrite on the ballistocardiogram in a young normal subject. (a) Basal expiratory record: 
heart rate 63 a minute, B.P. 94/60. (b) Basal inspiratory record: heart rate 60a minute. (c) Expiratory record 
after amyl nitrite: heart rate 112 a minute, B.P. 110/60. (d) Inspiratory record after amyl nitrite: heart rate 
100 a minute. In both (c) and (d) all the visible ballistic waves have increased in amplitude. The ST/T wave 
changes on the electrocardiograms are unusual. 
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The filter out results are not published in detail for they were considered too variable to be of scientifi 
value. The main differences between filter in and out tracings were increased amplitude of all componen 
waves, a greater degree of weaving of the base line and a tendency to an increased HK time with the filte 
out. Ina hundred consecutive normal records the HK time was greater with the filter out in 75 instances, 
equal in 20 and greater with the filter in in 5 instances. The HK time ranged from 0-18 to 0- 38 sec. with 
the filter out and 0-16-0-32 sec. with the filter in. The filter out values were greater by 0-02-0-16 sec. (mean 
0-035 sec.). When the filter in values were greater the corresponding figures were 0:02-0:06 sec. (meat 
0-036 sec.). 

In none of the young normals was any qualitative abnormality detected, although in many instances, 
both before and after amyl nitrite, the IJ stroke varied slightly from beat to beat in the same lead, irre- 
spective of the phase of respiration and with a constant heart rate and P-R interval. 

In the 6 normal subjects who had the identical procedure repeated two months later the results showed 
no increase in mean blood pressures, either systolic or diastolic, a lesser IJ and a similar pulse rate response 
to amyl nitrite as compared with the first series (Table II). 

In the 6 subjects who were tested successively under emotional strain, with a placebo, and with amy! 
nitrite, the emotional strain caused no change of note, the placebo caused a slight increase in heart rate, and 
the amyl nitrite caused a highly significant increase in heart rate and some IJ increase (Table III). 


TABLE II 
BALLISTOCARDIOGRAMS AFTER A SECOND INHALATION OF AMYL NITRITE IN SIX NORMAL SUBJECTS 





First Inhalation Second Inhalation 


Before amyl nitrite After amyl nitrite Before amyl nitrite After amy] nitrite 

















S.D. of : S.D. of S.D. of : S.D. of 
Mean amet Mean pone Mean onan Mean casita 
Heart rate 6 ‘4 = ae 67:3 +5:96 131°3 +11-7 66°3 + 686 127-0 +17-6 
Systolic B.P. .. sii - -- | 1220 +867 | 134-0 +140 115-0 +135 | 119-6 +144 
Diastolic B.P. .. ix a 12:3 +7:09 77-6 + 5-4 66°6 + 546 69-0 + 63 
Expiratory IJ stroke in mm. .. ae 3°8 +1-63 6°5 + 2:5 4-3 + 1:84 TS + 2-4 
Inspiratory IJ stroke in mm. .. 4-0 +1-14 8-0 + 2:9 4-4 + 1:91 TH + 32 
The identical procedure was repeated on six healthy young persons two months later. 
TABLE III 
BALLISTOCARDIOGRAPHIC CHANGES DUE TO EMOTION, PLACEBO, AND AMYL NITRITE 
Emotion Placebo Amy] nitrite 
Before After Before After Before amy] After amyl 
emotion emotion placebo placebo nitrite nitrite 
a, | S-D. of _—S = S.D. of —= S.D. of 
| Mean en Mean po Mean aii Mean pote Mean pon Mean anene 
Heartrate.. ..| 72 (£146 77 |£137 | 72 £122) 85 +118 | 74 [£120 | 119 +186 
Systolic B.P. .. | 120 |412-9 | 126 |412-°6 | 124 |412°5 | 120 |4 7:2 | 120 {410-1 | 123 |412:3 
Diastolic B.P. ae 71 jt 5-6 74 2 3°5 71 + 502) 70 + 48 TE jx 32 TS | 89 
Expiratory IJ stroke 
in mm. 3-1/4 1-9 3-5|+ 2-09 3-5\4 2:09 3°6\+ 2°16 3-5'+ 2:21 56+ 34 
Inspiratory J stroke 
inmm. .. i 46+ 1:8 4-6\+ 2:22 4-7'+ 2:39 414+ 2-44 41'+ 1:98 74 + 40 





Six healthy young subjects had the effects of amyl nitrite reiterated to them, were given an empty capsule 
and then amyl nitrite to inhale. The IJ stroke was measured in only five owing to a technical error. 
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Group B. Twenty-five Normal Subjects between 40 and 65 years of age. In 5 subjects the initial ballisto- 
ardiograms were abnormal in form and resembled tracings obtained from the coronary artery group. In 


one person there was a history of alcoholism, one was diabetic, one was very obese, and another was found 


) have albuminuria. The fifth appeared to be otherwise healthy. 
The changes in IJ values, heart rate and blood pressure after amyl nitrite were less significant than in the 
ounger group (Table I). Heart rate increased in 24 of 25 subjects, remaining unchanged in one case. 
[he maximum increase was from 68 to 125 a minute. Systolic blood pressure increased in 15, fell in 6, and 
remained unchanged in 4, the range being +26 to —12 mm. Hg. Diastolic pressure increased in 17, fell 
in 4, and remained unchanged in 4 with a range of +20 to —6 mm. Hg. 

In one instance somatic tremor after amyl nitrite prevented an accurate assessment of the IJ stroke and 
this case was omitted. After amyl nitrite the expiratory IJ increased in 16 instances, remained unchanged 
in 3, and fell in 5, the maximum being from 7:5 to 13-5 mm. _ Inspiratory values increased in 18, remained 
unaltered in 3, and fell in 3 instances, the maximum increase being from 5 to 14 mm. The mean IJ values 
correlated well with those of Group A. One case in this group had pulsus bigeminus, and this record showed 
a definite quantitative difference in all the major ballistic waves with each extrasystole (Fig. 3). 
































Fic. 3 Fic. 4 
FiG. 3.—Normal subject over 40 years of age with coupled rhythm. Resting expiratory record: heart rate approxi- 
mately 60 a minute, B.P. 114/64. With the ectopic beats the IJ stroke, K, L and M waves are of smaller 
amplitude. 


FiG. 4.—Patient with coronary artery disease showing the typical appearance of low variable and largely unidentifiable 
ballistic complexes. Heart rate 68 a minute, B.P. 126/88. _Thestandardization is the same as in Fig. 2, 3, and 5. 


Group C. Twenty-five Subjects with proven Coronary Artery Disease between 38 and 70 years of age. A 
feature of this group was that normal ballistocardiograms were obtained in 2 of 25 cases and in another 3 
itients the graphs differed from normal only in the amyl nitrite response. One of the two patients with 
normal ballistocardiograms had experienced myocardial infarction two years previously. All five were 
ibulant and liable only to minor attacks of angina at this time. 

Mean heart rate, blood pressure and IJ changes after amyl nitrite were less than in Groups A and B 
(Table I). Maximum changes were heart rate from 68 to 120, systolic pressure from 152 to 170 mm. Hg, 
istolic 70-86 mm. Hg, expiratory IJ 5-7 mm., and inspiratory IJ 4-10 mm. _Expiratory IJ values increased 
12, fell in 8, and remained unchanged in 5, and inspiratory values increased in 15, fell in 5, and remained 
changed in 5. Systolic blood pressure increased in 10, fell in 12, and remained unchanged in 3, while 
|.astolic blood pressure increased in 11, fell in 8, and remained unchanged in 6 instances. The systolic 

1ge was +18 to —10 mm. Hg, and the diastolic +16 to —10 mm. Hg. 

In the three hypertensive subjects systolic pressure increased in two and remained unchanged in one, 
le diastolic rose in two and fell in One instance. The systolic range was +10 to zero mm. Hg, and the 

Sstolic +8 to —14 mm. Hg. 

In all but the five subjects with normal or near normal records the ballistocardiograms revealed impair- 
n nt or loss of regularity of onset and definition of complexes. In many the ballistic waves were com- 
Pp tely unrecognizable and in most, the IJ values were of low and variable amplitude. The wave form was 
\\ry variable and no definite pattern could be established, nor was there any significant qualitative or 
intitative improvement after the administration of amyl nitrite (Fig. 1b, 4, 5, and Table I). 
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Fic. 5.—The effect of amyl nitrite on the ballistocardiogram in patients with coronary artery disease. (a) Basal 
expiratory record: heart rate 75 a minute, B.P. 176/90. (b) Basal inspiratory record: heart rate 70 a minute 
The ballistic complexes in both leads are of low variable amplitude and are largely unidentifiable. (c) 
Expiratory record after amyl nitrite: heart rate 100 a minute, B.P. 176/98. (d) Inspiratory record after amy 
nitrite: heart rate 100 a minute. The ballistic complexes remain of low and variable amplitude and are largely 
unidentifiable. Further flattening of the electrocardiographic T wave has occurred. 


DISCUSSION 


In recent years particular interest has been shown in the ballistic IJ stroke which was believed 
to be closely related to cardiac output (Starr et al., 1939; Molomut and Allen, 1946; Nickerson, 
1945, 1947). Apart from the theoretical implications of variable body tissue damping effects and an 
inability to determine accurately the spatial vector from records taken with the patient recumbent, 
the findings in this series suggest that factors other than cardiac output are important in the produc- 
tion of the IJ stroke. 

Expressed in millimetres, basal IJ stroke values were found in some instances to be as much as 
ten times greater in normal subjects of the same age than in patients suffering from coronary artery 
disease. After the inhalation of amyl nitrite, a powerful vasodilator, both IJ values and heart 
rate increased markedly in normal subjects; in isolated cases these both deubled. These changes 
were independent of alterations in the blood pressure, although for individual cases this more 
often increased than decreased. In patients suffering from coronary artery disease, and to a lesser 
extent in normal subjects, the IJ amplitude often varied from beat to beat, independently of heart 
rate, P-R interval, phase of respiration or somatic tremor (Fig. 2, 3, 4, 5). IJ values measured 
after the patient had been lying down for 5 minutes and again after 30 minutes often revealed that 
the former was two to five times greater than the latter, there being no significant changes in blood 
pressure or heart rate. In bigeminus the extrasystoles showed smaller ballistic complexes. The 
smaller IJ was compatible with a diminution in stroke volume, but there were also smaller K, L, 
and M waves with each ectopic beat (Fig. 3). 

It was also observed that the depth of the K wave increased after the inhalation of amyl nitrite 
(Fig. 2), and as this drug diminishes peripheral resistance it would suggest that other factors are 
important in the production of this wave. 

These findings suggest that the elasticity of arterial and arteriolar vessel walls are important in 
determining the amplitude of the IJ stroke and other ballistic waves. The marked variability that 
may occur from beat to beat cannot, however, be explained on this hypothesis alone. It is possible 
that general body tissue damping effects are important in this respect. These findings all indicate, 
however, that attempts to estimate cardiac output by means of the ballistocardiogram are open to 
criticism. It would seem justifiable to express IJ results in terms of millimetres, providing all 
standardization criteria are described and the type of instrument employed is stated. 
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The blood pressure changes due to the inhalation of amyl nitrite proved interesting. In the 
oung normals the mean systolic and diastolic pressures increased slightly, although individual 
lood pressures often fell, after breathing amyl nitrite. Neither an emotional stimulus nor the 
ihalation of a placebo caused any statistical alteration in blood pressure, although with emotion 
he trend was to increase. Yet when six subjects had the test repeated two months later the heart 
rate and IJ stroke responded as before, but the mean systolic and diastolic pressures remained 
normal whereas with the first investigation both had increased. This would suggest an emotional 
factor as the cause of the rise in blood pressure, an observation previously reported (Evans et al., 
1939). It is well known that the effects of the nitrite ion vary with body posture. When the 
subject is horizontal there occurs little or no change in blood pressure, but when erect both the 
systolic and diastolic pressures fall steeply (Wilkins e¢ a/., 1938). As all records in the present series 
were taken with the patient recumbent, these blood pressure findings are therefore not surprising. 

Normal ballistocardiograms were found in 2, and patterns that were almost normal in 3 of the 
25 patients suffering from coronary artery disease. All these subjects were ambulant and liable 
to only slight effort pain at the time of their ballistocardiograms. A normal ballistocardiogram 
therefore does not exclude the presence of coronary artery disease. 

It is interesting to speculate on the possible prognostic implications of a normal ballistocardio- 
gram in the presence of angina pectoris. If it be true that such patients have a more adequate 

coronary artery circulation then it would be reasonable to anticipate a better prognosis. The 
exact cause of the abnormal graphs found in coronary artery disease is unknown, but the observa- 
tions made in the normal groups suggest that peripheral arteriosclerosis may be as important as 
coronary sclerosis. Whatever the explanation, the difference is so striking that ballistocardio- 
graphy may prove to be a useful procedure in the diagnosis of latent coronary artery disease. A 
long-term follow-up of such cases is essential for the reason that the pattern now described may 
well prove not to be specific for uncomplicated coronary artery disease. In the presence of any 
other organic cardiac disease the ballistic results should be treated with caution. 

Apart from tachycardia the only other electrocardiographic response to amyl nitrite was the 
development of depressed S-T segments and T wave inversion that occurred in two ischemic 
patients and two normal young women aged 19 and 22 years respectively. This would suggest 
increased heart work due to amyl nitrite and probably implies a relative and temporary coronary 
insufficiency, which in the young normal patients indicates that it may be physiological. 


SUMMARY AND CONCLUSIONS 


An abnormal ballistocardiographic pattern is common in patients handicapped by coronary 
artery sclerosis. Its recognition may prove of value in the diagnosis of latent coronary 
disease. 

A normal ballistocardiogram does not exclude the presence of coronary artery disease. 

The inhalation of amyl nitrite produces a transient increase in amplitude of the major ballistic 
\vaves in normal people. In subjects with coronary artery disease these alterations are minimal. 

Evidence is presented which suggests that the ballistic IJ stroke cannot be accurately correlated 

ith cardiac output. 

Emphasis is placed on the state of the arterial and arteriolar vessel walls in the production of 

illistic complexes. 

I am deeply indebted to Dr. A. Rae Gilchrist for his guidance and for the considerable assistance which he gave 

e in the preparation of this paper. 
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As we described elsewhere (Wenger ef a/., 1950 and 1952) the pattern of cesophageal leads, as 
registered at various heights above the diaphragm, gives us the chance of drawing conclusions about 
the conduction in the left auricle. (Esophageal P waves at auricular levels contain well defined 
intrinsicoid deflections (Brown, 1936; Neuman, 1951; Schwartz, 1947; Wenger, 1947) and the time 
of their appearance measures the moment when the activation wave passes under the electrode. 
This is usually in very close relationship to the posterior wall of the left auricle, because the distance 
between auricle and cesophagus usually does not exceed a few millimetres. The theory of Lewis 
(1925) that the intrinsic deflections correspond to the time when activation passes the electrode has 
been attacked by various authors. Recent experimental findings, however, speak in favour of the 
opinion, that it is not inaccurate to use the intrinsicoid deflections in both cesophageal and intra- 
cardiac leads as an indication of the time of arrival of the process of activation under the electrode 
(Groedel et al., 1948; Sodi-Pallares et al., 1950; Wilson et al., 1947). 

We measure the interval from the beginning of the intrinsicoid deflection (i) to the QRS complex 
and call this distance i-R interval. Normally this interval (it may also bring into correlation the 
P-R interval in form of the quotient P-R/i-R) is of about the same length in all cesophageal auri- 
cular leads (Deutsch ef al., 1949; Wenger, 1947 and 1952). This speaks in favour of the assumption 
that conduction takes place normally in a transverse direction from right to left. From this we 
conclude, that normally—as it is also known from animal experiments (Lewis, 1925)—the activation 
reaches the left auricle, coming over from the right auricle, at various levels of the posterior wall at 
more or less the same time, If we sketch these facts in form of an atriodiagram, we get a more or 
less vertical curve; on the horizontal line of the diagram the i-R intervals are recorded and in the 
vertical direction the distances of the cesophageal electrode from the diaphragm are shown (Fig. 1, 
lines b and d). 

In cases of nodal rhythm or nodal ectopic beats it is a priori questionable if the retrograde 
stimulus is using the normal pathways that conduct the normal stimulus from the right auricle to 
the A-V node, in the reversed direction. If this should be the case, the activation could reach the 
left auricle at its inferior part and continue its caudocranial course in the auricle, or it could use the 
some pathways from right to left as in sinus rhythm. In this case the i-R intervals at various heights 
c! the cesophageal electrocardiogram would be more or less equal and the atriodiagram would show 
a normal pattern. In the other case (of caudocranial conduction through the left auricle) the i-R 
intervals would be registered earlier in deeper, and gradually later in higher, cesophageal leads at 
a iricular levels. 

To establish this we investigated two cases of nodal rhythm and three cases of nodal ectopic 
teats by means of cesophageal electrocardiography. 


RESULTS 


Case 1. Aman, age 31 years, with mitral and aortic valvular disease and subacute bacterial endocarditis. 
T \e cardiogram shows a regular rhythm, frequency 151 a minute. There are small q waves and upright 
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ORS complexes in all three standard leads. The T waves are diphasic (— +); it seems that in the initi: | 
part of each T wave a negative P wave is hidden. 

The cesophageal leads show at +4 cm ( 4 cm. above the diaphragm) a QR pattern of QRS and ai 
intrinsicoid deflection of the P wave, which falls 0-09 sec. after the beginning of the QRS complex. Ths 
intrinsicoid deflection starts at the isoelectric line. At +5 cm. the R-i interval is 0-1 sec. It is 0-12 sec. 
at +8 cm. and 0-14 sec. at +11. cm. The cesophageal P waves have the form of an Rs at this level (Fig. 2). 
The atriodiagram is shown in Fig. 1, line a. 
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Fic. 1.—The Q intervals are shown on the horizontal line, the heights of the 
cesophageal electrode above the diaphragm are shown on the vertical line. 
Line a—Atriodiagram corresponds to the nodal rhythm of Case | (Fig. 2). 
Line b—Atriodiagram of the normal beats of Case 2 (Fig. 3). It is 
a straight, vertical line. Line c—Atriodiagram of the (probably nodal) 
ectopic beats of Case 2 (Fig. 3). The line is directed from the left below to 
the right above. Line d—Atriodiagram of the normal beats of Case 3 
(Fig. 4). It is a more or less vertical line. Line e—Atriodiagram of the 
nodal ectopic beats of Case 3 (Fig. 4). The line is oblique from the left below 
to the right above. 


Case 2. A lady, age 61 years, who was suffering from ischemic heart disease. The cardiogram sho. 
ectopic beats. Their P waves are low in I, diphasic in II and isoelectric in III], VR, VL, and VF. They a 
very flat in V1I—V4, isoelectric in VS and V6. The P-R interval is 0-16 sec. on the normal and 0-08 on t 
ectopic beats (Fig. 3). The cesophageal leads show a normal atriodiagram concerning the normal be: 
(Fig. 1, line b). The i-R distance is 0-08 sec. in all heights above the diaphragm, where intrinsicoid defl 
tions are present. They show R-S patterns of the P waves. The i-R intervals of the ectopic beats < 
gradually decreasing from +6 cm. (0-08 sec.) to +14 cm. (0-04 sec.). The P waves at the lower heig! 
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Fic. 2.—Nodal rhythm with inverted P waves, which follow 
the QRS complexes and are imbedded in the ascending 
limb of the T waves. The intrinsicoid deflections of 
cesophageal leads show a progressive retardation in a 
direction from below upwards. They are 0-09 sec. 
after the beginning of QRS 4cm. above the diaphragm 
(+4 cm.), 0:1 sec. at +5 cm., 0:12 sec. at +8 cm., and 
0:14 sec. at +11 cm. (Fig. la). The atriodiagram 
(Figure la) shows a curve that is directed from Jeft 
below to right above. Case |. 





show only low initial positive deflections, whereas at higher levels they show R-S patterns. The respective 
atriodiagram is shown in Fig. 1, line c. 

Case 3. A lady, age 45 years, with carcinoma of the breast. There is no significant pathological cardiac 
finding besides that of ectopic beats. In the cardiogram ectopic beats are registered, which do not show 
any P waves in the standard, unipolar extremity, or chest leads. The amplitude of the ectopic beats is 
markedly higher in leads II and III in comparison with the normal QRS complexes. The cesophageal leads 
show negative QRS complexes in auricular levels. A more detailed evaluation of these leads shows that 
8 cm. above the diaphragm an intrinsicoid deflection is present 0-02 sec. before the beginning of QRS. 
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1G. 3.—Ectopic beats with P waves, which precede the QRS complexes at an interval of 0-08 sec. (P-R interval of 
normal beats 0-16 sec.). The ectopic P waves are low in I, diphasic in II, and isoelectric in III. C&sophageal 
leads.—The normal beats show at all levels intervals of 0:08 sec. Therefore, the atriodiagrams show a straight, 
vertical line (Fig. 1b). The ectopic beats show a progressive shortening of the i-R intervals, proportional to the 
increasing height of the electrode above the diaphragm. Therefore, the atriodiagram shows a curve, which has a 
direction from the left below to the right above (Fig. Ic). Case 2. 
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At +1 cm. no intrinsicoid deflection is to be seen, as it coincides with the downstroke of the Q wave. At 
+2 cm. an intrinsicoid deflection is again visible, which follows 0-02 sec. after the beginning of QRS. So it 


shows a gradual retardation until the height of +18 cm., where it is to be seen 0-06 sec. after the beginning of 


the Q wave (Fig. 4 and Fig. 1, line d for normal, line e for ectopic beats). 
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Fic. 4.—There are nodal ectopic beats, which do not show any P waves. In the 
cesophageal leads, the normal beats show a normal atriodiagram (Fig. 1d), which is 
more or less vertical. The R-i intervals of the ectopic beats show intrinsicoid 
deflections, which precede the Q, at 8cm. above the diaphragm by 0:02 sec. At 
higher levels it shows a progressive retardation and 18 cm. above the diaphragm the 
R-i distance is 0:06 sec. The atriodiagram of the ectopic beats, therefore, shows 
an oblique curve, as in the previous cases (Fig. le). Case 3. 
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DISCUSSION 


Case 1 shows a nodal rhythm with negative P waves, which follow after the QRS complexe: 


(Fig. 2). The atriodiagram is represented by a curve, which passes upwards and to the right (Fig. 1a) 


This means, that at 4 cm. above the diaphragm the activation reaches the electrode 0-09 sec. after 
the beginning of QRS, whereas this time interval increases gradually the higher up we record in the 


cesophagus. This corresponds to a spread of the activation wave along the posterior wall of th: 
cesophagus in a caudocranial direction. Only a stimulus that arises in the A-V node can caus: 
such a pattern. We have not seen this form of atriodiagram except in some cases of auricula 
flutter (1952). According to the classical concept the stimulus arises in the lower part of the A-\ 
node in this case. 

Case 2 shows ectopic beats with P waves, which are preceding the QRS complexes by a shorte 
interval (0-08 sec. as against 0-16 sec. in the normal beats). The P waves are not inverted in an: 
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siandard lead, but they are diphasic in lead II and isoelectric in lead III (Fig. 3). Also in this case 
thie left atriodiagram shows a curve, which is going upwards and to the right (Fig. Ic). It remains 
questionable, if the ectopic beats arise in the A-V node or in the lowest part of one of the auricles. 
The second possibility has to be taken into consideration because the P waves come before the 
QRS complexes and are not inverted in any standard lead. Also in this case the typical change of 
the pattern of P in esophageal leads (rS in lower, RS in higher leads) may be observed. Therefore, 
we conclude, that in Case 2 the ectopic beats arise in the superior part of the A-V node or perhaps 
in a very low part of one of the auricles. 

In Case 3 no P waves can be seen before or after the QRS complexes (Fig. 4). The cesophageal 
leads show that the P waves are hidden in the QRS complexes. At the lowest auricular levels 
(8 cm. over the diaphragm) they are preceding the ventricular complexes at an interval of 0-02 sec. 
This does not cause the appearance of a visible P wave in any of the standard unipolar extremity or 
chest leads. The atriodiagram shows a normal pattern for the normal beats (Fig. Id) and an 
oblique curve (as described in the previous cases) for the ectopic beats (Fig. le). 

This appearance of auricular intrinsicoid deflections in cesophageal leads is evidence that the 
stimulus arises from the A-V node. According to the classical conception it would have to be 
assumed, that the stimulus has its origin at the middle region of the A-V node. The cesophageal 
cardiogram in such cases also allows one to differentiate between an A-V nodal rhythm with auri- 
cular asystole or auricular fibrillation and nodal rhythm with retrograde activation of the auricles, 
which occurs at the same time as the activation of the ventricles. In either case the P waves may 
be absent in the usual bipolar and unipolar leads. 


CONCLUSIONS 


In cases of nodal rhythm or nodal ectopic beats, cesophageal leads show a typical pattern. The 
intrinsicoid deflections of the P waves may be registered relatively early (in comparison to the begin- 
ning of the QRS complexes) in low auricular levels, whereas they show a progressive retardation as 
the cardiogram is registered higher up in the esophagus. This is in contrast to the normal relations. 
In cases of sinus rhythm the intrinsicoid deflections show more or less the same time relationship to 
the subsequent QRS complexes in cesophageal leads. This may be evaluated numerically by 
measurement of the i-R intervals (interval from beginning of the rapid downstroke, (intrinsicoid 
deflection of P, to the beginning of the QRS complex). It also may be shown by “ atriodiagrams,” 
which show a more or less vertical curve in cases of sinus rhythm and an oblique curve (from the left 
below to the right upwards) in cases of nodal rhythm or nodal ectopic beats. 

If the P waves of the ectopic beats precede the QRS complexes and are not directed downwards 
in lead II and III, it might perhaps be possible that they arose from the lower part of one of the 
auricles. This might be so in Case 2, whereas Cases 1 and 3 show clear evidence of the nodal 
origin of the rhythm or of the ectopic beats. 

When the retrograde activation of the auricles occurs simultaneously with the activation of the 
ventricles, so that no P waves are seen in the usual leads, esophageal leads may be important for 
the differential diagnosis between a nodal rhythm from the middle part of the A-V node and a nodal 
rhythm with auricular asystole or auricular fibrillation. It should be mentioned also, that a similar 
behaviour of the intrinsicoid deflections has been observed in some cases of auricular flutter. 


fo 


SUMMARY 


(Esophageal leads are of diagnostic importance for the elucidation of A-V nodal rhythms or 
n dal ectopic beats. The gradual delay of the intrinsicoid deflections of the auricular complexes 
cc responding to increasing heights of the electrode above the diaphragm may be shown clearly by 
“ \triodiagrams.” 
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That diverse factors are concerned in causing arterial pathological changes largely confined to 
lungs is clear from a review published by McKeown (1952). Only one of these factors, incorpora- 
tion of fibrin into arterial intima, is here considered as a cause of pulmonary arteriosclerosis and 
cor pulmonale. 

Goedel (1930), Belt (1939), and according to Duguid (1946) Rokitansky were all aware that 
incorporation of blood clot into vascular intima produced lesions simulating arteriosclerosis. 
Duguid once more directed attention to this fact and following his lead, various workers undertook 
experiments to test his conclusions which were based on human autopsy material By injecting 
fibrin emboli intravenously into rabbits it has been shown that lesions like arteriosclerosis may be 
induced in small branches of the pulmonary artery (Harrison, 1948 and 1951; Muirhead and 
Montgomery, 1951; and Barnard, 1953). These workers used emboli prepared in vitro either from 
the animal’s own blood or from blood of a different animal. 

Assuming that experimental thrombo-embolic arteriosclerosis has significance for man, primary 
pulmonary arteriosclerosis might be a disorder of the blood characterized by repeated and pro- 
tracted pulmonary embolism by showers of minute clots originating in systemic veins, where con- 
ditions are favourable for intravascular coagulation. If such emboli formed in systemic venous 
blood, few would escape the pulmonary arteriolar and capillary filter and thus significant arterio- 
sclerosis would be confined to the lungs. 

Embolic experiments that aimed at discovering the role blood clot plays in causing pulmonary 
arteriosclerosis would, however, have added significance if lesions were also brought about by 
injecting substances that would precipitate fibrin in circulating blood. Heard (1952) injected 
magnesium adenosine triphosphate together with Russell viper venom and studied arterial lesions 
so caused. McLetchie (1952) conducted similar experiments using Russell viper venom and 
thromboplastin extract. Others have recorded fibrin embolism of pulmonary vessels using thrombo- 
plastin extract or highly diluted thrombin solution, but their object was the study of blood coagula- 
tion and not the arterial changes (Jiirgens and Studer, 1948; Ratnoff and Conley, 1951; Page et 
ai, 1951; and Schneider, 1951). Schneider has shown, moreover, that placental trauma to rabbits 
cvused fibrin embolism severe enough to kill, and that in human abruptio placente placental throm- 
boplastin may enter the maternal circulation so causing fibrin embolism of the lungs, in some cases 
leading to death. 

This paper describes pathological changes in mouse and rabbit lungs due to thromboplastin 
€ tract injected intravenously: extract was not mixed with an unphysiological coagulant as in pre- 
V ous experiments of this kind. It also argues that protracted embolism by minute clots is one 
c use of primary pulmonary arteriosclersois and cor pulmonale in man. 


MATERIALS AND METHODS 


Twenty young adult rabbits of either sex and various colours, and 140 white mice of either sex and of 
tl 2 strain maintained in this institute, were used: 18 normal mice and 6 normal rabbits served as controls. 
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Mice. All mice were injected with thromboplastin extracted from difco desiccated rabbit brain; to 
extract thromboplastin, this was mixed with normal saline and incubated in a water bath at a temperatuie 
of 47°C. The mixture was agitated briefly at 3-minute intervals, and after incubating for 10 minutes the 
extract was filtered through a pledget of cotton wool. The extract so made was then diluted further with 
normal saline and by trial on mice the concentration was adjusted so that a lethal dose was less than 0-2 ml}. 
This was done to avoid killing animals by excessive increase of blood volume. As extracts prepared on 
different days from the same batch of desiccated rabbit brain were found to vary in strength when tested on 
the living animal, actual doses administered have not been stated here. Mice were injected into their tail 
veins. 

In the first series, 28 mice that were given one lethal dose each died from fibrin embolism of the lungs. 
In the second series 112 mice received 2 to 12 injections in experiments lasting from 1 to 44 days. These 
mice were generally injected at 3- to 4-day intervals, though on a few occasions a week elapsed between. 
On each injection day a small initial dose was used, the dose being increased by small amounts for each 
successive mouse injected until one was killed by thromboplastin extract. Mice were injected at random. 
Others then received an amount slightly less than the fatal dose. Even so, occasional animals died from a 
dose that was not lethal to their fellows. This ensured that animals received high sublethal doses. Any 
mouse in which injection failed was killed. In 23 of this group organizing emboli were discovered in lung 
arteries. 

Rabbits. Al\l were injected with brain extract prepared from animals of the same stock as those used in 
this experiment. Thromboplastin extract was prepared in the same way as for the mice. Rabbits received 
repeated injections on a plan similar to that used for mice. Injections were generally given bi-weekly but 
on several occasions, as in mice, once a week. They received from 2 to 21 injections in experiments lasting 
from 7 to 93 days. Injections both in mice and rabbits were given rapidly. 

The Preparation of Lung Sections in Mice and Rabbits. Asceptic precautions were observed in giving 
injections. This also applied to preparation of thromboplastin extract, though this substance, for obvious 
reasons, cannot itself be sterilized. Each animal was dissected immediately after death, and the lungs 
fixed in 4 per cent neutral formaldehyde solution. All lungs were distended with the solution during 
fixing to permit easier interpretation of changes in alveolar walls. In mice, heart and lungs were embedded 
in one piece, the microtome knife being carried through the whole coronally to include both lungs and 
both ventricles in the same section. In rabbits each of the lower lobes was divided into three portions. 
Other lobes were embedded whole. All sections were stained with hematoxylin and eosin and Weigert’s 
elastic tissue stain counterstained with van Gieson. Frozen sections were also made of the lungs and 
stained for fat with Sudan III. 


PULMONARY LESIONS 


Mice. Numerous unorganized fibrin masses were found in lung vessels and often in the right 
ventricle also in all but 5 mice dying immediately after an injection. In these 5 death was 
ascribed to anaphylaxis. Fibrin was not found in the left ventricle in a single mouse. 

In only 23 mice out of the 112 in the second series were organizing emboli found: only 4 mice 
showed late stages of fibrin organization. Fig. | illustrates occlusion of the arterial lumen by fibrin 
which is beginning to recanalize. As there were not more than two organizing fibrin lesions in 
each of these 23 mice the total number of lesions was too small to permit special description. No 
lesion representing the healed stage of fibrin embolism was encountered. Otherwise, lesions 
elicited in mouse lung by fibrin masses corresponded in a general way with those which will be 
described more fully for rabbits. 

Rabbits. Of the 20 rabbits, 18 died directly after injection and 2 were killed by air embolism 
to terminate the experiment. The 18 all showed extensive pulmonary embolism by unorganize 
fibrin and often also masses of fibrin within the right ventricle. Emboli were present in many vesse 
in all lobes of the lung, either loose or adherent to intima, but mostly impacted in small muscular 
arteries and capillaries. Only occasionally was fibrin found in pulmonary veins. In large arterics 
fibrin threads composing emboli tended to an oblique or longitudinal arrangement (Fig. 2), a1 
arrangement not clearly recognizable in smaller muscular arteries and capillaries. Fibrin embo i 
always contained entangled erythrocytes and leucocytes, but the fibrin component invariab! 
predominated. 
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Fic. 1.—An organizing mass of fibrin undergoing recanalization in a small 
muscular artery. In lower right corner, media and both elastic lamin 
are destroyed and replaced by fibroblasts admixed with round cells 
which extend into the adventitia (Weigert—van Gieson, x 240). 





FiG. 2.—Sections of an artery stretched tangentially and obstructed by a fibrin 
mass showing oblique fibrillar arrangement (Hematoxylin-eosin, x 70). 


As in mice, organizing emboli were scanty. Numerous sections from the lungs of each animal 
were necessary to discover lesions sufficient for description. Moreover, in three rabbits no organiz- 
ir g lesions at all were found. Both scantiness of lesions or their complete absence was presumed 
be due either to failure of intravenous coagulation following injection of thromboplastin extract 
© to lysis of any clots which had formed. 

Because rabbits and mice received multiple injections, an attempt to establish the time taken for 
ii lividual features of lesions to appear or how long they lasted, was not thought to be possible. 
Swelling, separation, and proliferation of endothelial cells were present at and remote from 
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sites of embolic impaction. At embolic sites fibrin became enveloped by endothelium, sometime, 


several layers thick: endothelial cells also invaded emboli. 


Cellular Infiltration of Vessel Walls. In lesions thought to be recent, neutrophils adhered to 
endothelium over long stretches and infiltrated vessel walls mainly from the lumen. Other lesions. 
apparently older, were pleomorphic due to the addition of lymphocytes, mononuclears, plasm. 
cells, and eosinophils. In small arteries, cellular exudate sometimes obscured segments of th: 
vessel wall, especially in mice. Fibrinoid necrosis of vessel walls was nowhere encountered: nor 
was there aneurysmal dilatation or hemorrhage. Fig. 3 shows an unusually pronounced example 
of thromboplastin extract induced arteritis. In more quiescent lesions, cells with the character- 
istics of fibroblasts were recognizable in organizing masses of fibrin and in intima underlying these 


lesions. In a few arteries, fibroblasts were recognizable in media and adventitia also. 
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Fic. 3.—‘‘ Fibrin arteritis’’ in its most pronounced form. Arterial wall almost completely obscured and des- 
caoal by subacute inflammation. Shreds of fibrin are still recognizable at the centre: no fibrinoid change 
(Hzmatoxylin-eosin, x 165). 


Arterial Elastic Tissue. In minute muscular arteries emboli sometimes stretched the intern: 


elastic lamina to extreme thinness, though without rupture. At sites of organizing emboli dama; 
to this membrane was evident in various ways, most commonly as rupture (Fig. 4) but also : 
thickening, splitting, and reduplication. Away from lesions, arterial elastic tissue was not involve 

Fate of Fibrin itself. Envelopment and invasion of fibrin masses by endothelial cells, neutr 
phils, and other inflammatory cells, has already been mentioned. In more quiescent lesions, ce 
within emboli thought to be endothelial in origin were seen to have developed branching cyt 


plasmic processes like those of fibroblasts. The end stage of fibrin organization was a collageno''s 
mass sometimes containing new elastic fibres applied eccentrically to the vessel wall (Fig. 5 and 6): 
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Fic. 4.—Segmental replacement of arterial wall by granulation tissue: 
periarterial oedema and subacute inflammatory cell infiltration 
(Weigert—van Gieson, x 200). 


such lesions were scanty. Rarely, cedematous polypoid lesions or cedematous connective tissue 
intimal plaques in which fibrin could not be recognized, were seen. Organizing fibrin sometimes 
lost its eosinophilia and took on basophilic staining qualities. 

Arterial Media. Medial damage was encountered only in immediate relation to arterial lesions. 
A few arteries showed inflammatory destruction of their walls (Fig. 3 and 4) and some others medial 
scars sometimes containing distorted elastic fibrils. 

(Edema, usually adventitial, was infrequently noted (Fig. 4). Though most pronounced in 
immediate proximity to lesions, it was also found away from emboli, sometimes as a curious lesion 
limited to the intima. In the adventitia, cedema took the form of a broad mantle containing 
inflammatory cells. No increase in adventitial collagen was encountered in any lesion. 

Fat. Frozen sections of recent embolic lesions showed inconstant dusting of fine fat globules 
within fibrin masses, presumably derived from included plasma lipoid or from broken down en- 
tangled erythrocytes. Advanced lesions occasionally contained similar dusting with fat in deep 
parts of organizing emboli. 


DISCUSSION 


Three aspects of thrombo-embolic arteriosclerosis will be considered here: are thromboplastin- 
induced arterial lesions solely ascribable to incorporation of fibrin into pulmonary vessels? do they 
‘esemble arteriosclerosis? and what evidence is there to support the concept of thrombo-embolic 
teriosclerosis in man? 

Pulmonary arterial lesions associated with repeated injections of thromboplastin extract cannot 
‘ attributed wholly to intimal incorporation of fibrin, because arteritis, segmental granulomatous 
‘struction of arterial walls, and cedema are lesions characteristic of experimental anaphylaxis 
.linge, 1930; Vaubel, 1932; Goddard, 1947; and Hawn and Janeway, 1947). However, inflam- 
atory arteritis in rabbit lung is ascribed to anaphylaxis rather than to infected emboli, for the 
incipal reason that similar lesions have not been encountered after injection of autogenous fibrin 
‘boli prepared in vitro by chopping clot fine, using a safety razor blade. As it is not feasible to 


‘rilize either thromboplastin extract or the emboli for fear of denaturing them, though risk of 
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Fic. 5.—Collagenous intimal mass applied eccentrically to arterial wall 
(Weigert—van Gieson, x 140). 





FiG. 6.—Vessel showing loose eccentric connective tissue intimal thickening. 
Destruction of internal elastica is present (Weigert—van Gieson, x 240). 


bacterial contamination of either substance is equally great, no inflammatory arteritis has becn 
found when emboli prepared in vitro by the chopping technique were injected. That simil:r 
arteritic lesions in mouse lung, on the other hand, are anaphylactic is less certain because behavio:ir 
of fibrin emboli prepared in the way described for rabbits, has not been investigated in the lungs »f 
mice (unpublished observations). Thromboplastin extract in repeated doses thus has only 1-- 
stricted usefulness in discovering how fibrin causes arterial disease, for it is impossible to obta n 
from autogenous sources thromboplastin extract sufficient for experiments like these and so escae 


errors liable to intrude when foreign protein is injected. 
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Nevertheless, though not numerous, other lesions like those of arteriosclerosis were also present 
Fig. 5 and 6). Such lesions are often illustrated in case reports of primary pulmonary arterio- 
clerosis. These experiments have shown, however, that sublethal doses of thromboplastin extract 
cause fibrin embolism of the lungs and that fibrin emboli become incorporated into arterial intima 
is connective tissue intimal thickenings sometimes containing new elastic fibres. 

The evidence for thrombo-embolic pulmonary arteriosclerosis in man rests upon animal experi- 
ments, study of cor pulmonale associated with carcinomatous pulmonary embolism, and upon 
study of primary pulmonary arteriosclerosis associated with right ventricular hypertrophy. 

The lesions of experimental thrombo-embolic arteriosclerosis using fibrin prepared in vitro 
correspond closely with those described and illustrated in human cases of primary pulmonary 
arteriosclerosis, a fact also commented upon by Harrison (1948). In experiments still under way 
in which autogenous fibrin emboli are being repeatedly injected over a long period, rabbits have 
become severely cyanosed and have died with a morbid anatomical picture in all respects similar 
to those human cases in which severe pulmonary arteriosclerosis is combined with right ventricular 
hypertrophy and failure. However, Harrison (1951), who has conducted similar experiments, 
found that right ventricular hypertrophy gradually subsided after the injection of emboli was 
stopped. Apart from cyanosis and cardiac failure, which Harrison does not mention in his animals, 
my incomplete experiments do not as yet suggest an explanation of this discrepancy. 

The relationship between pulmonary vascular disease and right ventricular hypertrophy in man 
is obscure. There are cases of extensive pulmonary vascular disease in which hypertrophy has 
failed to occur. Conversely, there are cases of right ventricular hypetrophy where the extent of 
primary pulmonary vascular disease appears to be altogether insufficient (the first case of De 
Navasquez er al., 1940; the second case of Ulrich, 1932-33; and Brenner, 1935). It is for cases 
of this type that primary pulmonary hypertension is postulated as the counterpart of primary 
systemic hypertension with its attendant left ventricular enlargement. 

Nevertheless, case reports indicate that not all examples of combined primary pulmonary 
vascular disease and right ventricular failure need be due to primary pulmonary hypertension. 
Chronic cor pulmonale associated with widespread organizing thrombosis of small intrapulmonary 
arteries, due to carcinomatous emboli mainly from gastric neoplasms, illustrates this (Krutzsch, 
1920, and Saphir, 1947)—an opinion reinforced by the case of Mantz and Craige (1951) in which 
right ventricular hypertrophy was associated with organization of small non-malignant embolic 
clots widely scattered in small intrapulmonary arterial branches. Remarkable also in descriptions 
primary pulmonary arteriosclerosis is the large number of cases in which organizing clots in 
small pulmonary arteries are mentioned. These are uncritically regarded as thromboses secondary 
to arteriosclerosis, but arteriosclerosis secondary to the presence of blood clot is just as probable 
(Harrison, 1948 and 1951; Duguid, 1946 and 1948; Heard, 1947; Crawford and Levene, 1952; and 
Mehrotra, 1953). Cases that could be explained as secondary to incorporation of small clots into 
pulmonary arterial intima are the second case of Goedel (1930) and the cases described by Eppinger 
an Wagner (1920). Recurrent or chronic embolism with right ventricular failure due to large 
clots from veins below diaphragmatic level are now widely recognized (Carroll, 1950). It is con- 
ce vable that there is a coagulative blood disorder in which fibrin separates out of systemic venous 
bl..od as small clots, instead of the large clots which are easier to find at autopsy. 

Finally, even in normal people, circulating blood is not perhaps as fibrin free as is supposed. 
Tle comparatively rapid turnover of platelets, prothrombin, and fibrinogen suggests this. Other 
invirect evidence that blood might be coagulating continuously, derives from the work of Stern- 
be ger (1952) who claims to have recovered active thrombin from circulating blood by dissociating 
it rom antithrombin. In disease on the other hand, the wide variety of conditions in which cir- 
cu iting fibrinolysin can be demonstrated also supports the view that intravascular coagulation is 
far commoner than general opinion at present holds (Biggs and MacFarlane, 1947, and Tagnon 
et. /., 1946). 

There are thus substantial reasons to suggest that some cases of primary pulmonary arterio- 
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sclerosis and cor pulmonale might result from protracted embolism of pulmonary arteries by minute 


blood clots. Increasing awareness of this possibility among clinicians and development of method; 
that detect coagulation in circulating blood should shed further light on this subject. 


SUMMARY 


Pulmonary arterial lesions caused in mice and rabbits by intravenous injection of thrombo- 
plastin extract by itself are described. 

Minute emboli resulting from intravascular coagulation were arrested in the pulmonary arteries. 
Incorporation of emboli into pulmonary arterial intima ended mainly as connective tissue thicken- 
ings. Other lesions, probably anaphylactic, were also encountered. 

Evidence is presented that some human cases of severe primary pulmonary arteriosclerosis with 
right ventricular hypertrophy and failure might be due to protracted embolism by minute fibrin clots. 


I am greatly indebted to Professor J. Barnetson for his assistance, to my wife for the technical work. and to Mr. 
N. Leeuwner for the photographs. The cost of this work was defrayed by the South African Council for Scientific 
and Industrial Research. 
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During the course of treating 54 severely hypertensive patients with parenteral hexamethonium 
bromide, we have observed the development of unexpected pulmonary dyspnoea and associated 
radiographic changes in the lungs in three cases after 7, 9, and 12 months’ therapy respectively. 
Two of these came to autopsy; the third has recovered. The object of this paper is to record the 
clinical, radiological, and pathological aspects of these pulmonary changes. 

Complications such as disabling headaches, cardiac enlargement, or renal damage were present 
in all cases in this series, and in seventeen the disease was in an acute malignant or pre-malignant 
phase. The dose of hexamethonium required varied from 50 mg. to over 600 mg. three times daily. 
The blood pressure was controlled at levels 30-90 mm. Hg systolic and 10-40 mm. Hg diastolic be- 
low the pre-treatment averages. The three patients here recorded all required large doses of 
hexamethonium, but others who received as much or more of the drug for periods up to 27 months 
have shown no lung changes. 


CASE RECORDS 


Case 1. F.T.,aman, aged 39, had acute nephritis in 1940. He was admitted to hospital in March, 1951, 
with Grade 4 retinal changes (Keith et. al., 1939), blood pressure 230/140, heavy albuminuria, and blood 
urea 70 mg. per 100 ml. The chest radiograph showed slight left ventricular enlargement and clear lung 
ficlds. Parenteral hexamethonium therapy produced steady improvement and he returned to work after 
three months. For the next year the blood pressure was well controlled (Fig. 1); the eyesight returned to 
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F 3. 1.—The degree of blood pressure control by hexamethonium in the three cases. The thick lines indicate the 
range of standing pressures before treatment or after discontinuance of the drug, and the thin lines show the 
range of pressures on test days. The arrows indicate the dates of the X-rays. The dose of hexamethonium was 
given three times daily. 
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normal but the blood urea was unchanged. In March, 1952, he complained of shortness of breath on exertio 
and the chest radiograph showed bilateral apical shadows. They were rather soft and mottled and suggestiv:: 
of tuberculosis (Fig. 2A). There was, however, no clinical or bacteriological confirmation of this. Contre] 
of blood pressure was inadequate at this time and the dose of hexamethonium was increased to ensure ai 
average blood pressure of 120/90 for the next few weeks. In spite of this, the patient was unwell and easil 
fatigued and suffered from increasing shortness of breath. Over-ventilation was apparent on slight exertion 
and was relieved by lying down. There was very slight cough and a little mucoid sputum. 


RAMEE T 4* 


ASSP TEL 


Fic. 2—Case 1. (6’ P.A. films) (A) March, 1952: Bilateral apical shadows of rather soft character. Remaining lung 
fields are clear. Left ventricle is enlarged and the aorta slightly unfolded. (B) June, 1952: The apical shadows 
have cleared somewhat but there is now widespread infiltration in the mid and upper zones. The peripheral 
lung field is relatively clear. (C) February, 1953: The mid and upper zone opacities have cleared considerabl) 
All that remains is some fine linear fibrosis; it is well marked in the right mid zone, demarcating the extent of the 
previous lesions. 


By June, 1952, opacities were visible also in the middle and upper zones of both lungs, not strictly of lobar 
distribution but limited to the central portions of the lungs and leaving the periphery relatively clear (Fig. 2B). 
All lobes appeared to be affected to varying degrees. The patient was given streptomycin with PAS and 
later isoniazid for four months, during which time blood pressure control was maintained (except for one 
month when hexamethonium was temporarily stopped) (Fig. 1). His general health improved considerably 
and there was a gradual fading of the opacities, particularly at the apices. Streptomycin and hexame- 
thonium therapy were then discontinued and the patient was discharged from hospital. The blood pressure 
soon rose, and after six weeks, hexamethonium treatment was resumed with good response. The radiological 
changes in the lungs showed continued improvement. In March, 1953, the patient returned to work; he 
had little shortness of breath, a blood urea of 87 mg. per 100 ml. and an average blood pressure of 145/100. 
The radiological opacities had cleared except for some rather hard residual shadows in the mid zones, 
indicating the site of demarcation of the original lesions (Fig. 2C). There was, also, evidence of a fine 
interstitial fibrosis in the mid zones. 

Case 2, A.W., a man, aged 45, was admitted in March, 1952 with Grade 4 retinal changes, cardiac 
enlargement, and early congestive failure, blood urea 76 mg. per 100 ml. and blood pressure 200-230/1 10-130. 
He was treated with parenteral hexamethonium and made good progress for six months; his vision wis 
much improved, the blood urea became normal, the blood pressure was well controlled (Fig. 1), and he 
returned to an active life. A chest radiograph in July, 1952, showed clear lung fields and a diminution ‘ 
left ventricular enlargement. In August, because of an unsatisfactory blood pressure response, the dose « 
hexamethonium was raised. During the next month he complained of dyspneea on effort and had sever 
alarming attacks of severe shortness of breath, all brought on by effort and relieved by rest. On examinati: 
he looked ill and slight effort produced obvious hyperventilation accompanied by cyanosis. There was 1 
stridor or cough and no adventitiz were heard in the lungs. He was greatly relieved by rest and preferr: 
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the recumbent position. There were no physical signs of congestive heart failure. An X-ray of the chest on 
October 7 showed extensive soft shadows with slight mottling in both mid zones, spreading from the hila 
towards the periphery of the lung and leaving the bases and apices clear (Fig. 3). The distribution and 
appearances of these shadows suggested acute pulmonary oedema, but they were not absolutely confluent and 
there were extensive aerated spaces present within the solid lung. In the belief that hexamethonium was in 
some way responsible for these lung changes the drug was discontinued and the patient treated by bed rest 
only. The blood pressure rose rapidly in the next week and he developed a fatal cerebral hemorrhage. 
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i. 3.—Case 2. (Ward unit A.P. film—October, 1952). Extensive soft mottled shadows in the central portions of 
both lungs, leaving the periphery clear—pulmonary oedema. Along the left mediastinal border there is a 
thin-walled cavity, representing a large emphysematous bulla. 

i. 4.—Case 2. Right upper lobe. Hamalum and eosin, «14. Junction of aerated and fibrous zones. Demar- 
cation is sharp and bears no anatomical relation to interlobular septa. The fibrous area contains both small 
and distended air spaces. 


Necropsy. The main findings were a massive hemorrhage into the left cerebral hemisphere, gross 


pertrophy of the left ventricle (heart 560 g.), and marked ischemic atrophy of the outer cortex of both 


ineys. Sections of the kidneys showed arterial and arteriolar elastosis. Necroses in the glomeruli and 
2rent arterioles, typical of malignant hypertension, were present but had been collagenized. 

Both lungs were enlarged; the pleural spaces were dry and free from adhesions. The left lung weighed 
) g. (normal 350), the right was used for radio-opaque injection. Striking nodular rubbery density was 
t in the more central portions of both lungs. These solid areas were sharply demarcated from the un- 
ected peripheral parenchyma, were grey mottled with clumps of pigment, slightly glassy, but by no means 
irely airless; the condition could be described as a diffuse irregular carnification. This change extended 
m the hilum to the periphery of the left upper and lower lobes but the apices, anterior fringes, and bases 
re free. The right lung showed a similar distribution. The lymphatics of the visceral pleure were 
ited and prominent. The pleura overlying solid lung presented a nodular contour due to tethering down 
interlobular septa by deep fibrosis. The mediastinal lymph-nodes were not enlarged. Radiographs of 
injected right lung showed a normal pulmonary arterial tree. 

Microscopy showed the solid zones to consist of discrete and confluent sharply demarcated small patches 
‘ecent fibrosis (Fig. 4), often abutting upon but showing no constant relationship to interlobular septa. 
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The fibrous tissue was made up of reticulin and fine collagen fibres quite rich in fibroblast and fibrocyt: 
nuclei (Fig. 5). Capillaries in the fibrosed area were moderate in number and there were present ver) 
occasional scattered lymphocytes and plasma cells. The connective tissue fibres were arranged in thin band 
and in small whorls. Elastic stains showed that the fibrosis was both interalveolar and intra-alveolar (Fig. 6) 
Enclosed within the fibrous tissue were both small and emphysematous surviving alveoli, greatly diminishe« 
in number, mostly lined by plump cuboidal ‘* endothelium *’ (Fig. 5). There were in addition widespreac 
patches of albuminous oedema, congestion, and terminal bronchopneumonia. The sections stained fo 
elastic fibres showed an underlying fairly good preservation of alveolar pattern in the fibrous areas (Fig. 6 
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Fic. 5.—Case 2. Left lung. Hemalum and eosin, 370. Interalveolar bands and intra-alveolar whorls of young 
fibrous tissue. There is a patent alveolus lined by prominent ** endothelium ”’ on the left. 


Fic. 6.—Case 2. Left lung. Elastic and Van Gieson, x90. Diffuse intra- and inter-alveolar fibrosis showing 
fair preservation of elastic outline of alveolar walls. 


although there was slight condensation and distortion of elastic fibres in the walls of the alveoli and alveolir 
ducts. There was no evidence of any old or recent arteritis. 

Case 3, F.B., a man, aged 50, presented in January, 1952, with hypertension of 10 years’ duration, much 
cardiac enlargement, nocturnal dyspnoea, Grade 3 retinopathy and blood urea of 39 mg. per 100 ml. The 
blood pressure range was 220-260/130-170. He was treated with hexamethonium bromide and the bloc d 
pressure was lowered considerably (Fig. 1). In March, 1952, he discontinued his treatment and ws 
re-admitted in May with acute left ventricular failure, orthopneea, and blood pressure 210/160. He» :- 
methonium was again administered with fair control of blood pressure (Fig. 1) and complete clearing of t\ 
congestive changes on the chest radiograph. He subsequently returned to work. In September he develop: d 
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shortness of breath on effort with several mild attacks of dyspnoea at night. There were crepitations in the 
ungs and X-ray revealed ill-defined soft shadows at both apices and in the lower zones (Fig. 7A). These 
changes persisted until October, 1952, and thereafter cleared only slowly at the apices but more rapidly at 
he bases (Fig. 7B). Hexamethonium was discontinued in September and the patient treated with bed rest 
ind digitalis, later supplemented by cortisone. He improved steadily but the bood pressure rose to 250/145 
ind hexamethonium treatment was started again after five weeks with no ill effects. By December the 
ypacities had virtually cleared, leaving some fine linear shadows at the apices and at the right base, indicating 
nterstitial fibrosis. During December and January he had several attacks of severe pain in the left side of 
ihe chest accompanied by a very high blood pressure (290/180), and without electrocardiographic evidence of 
myocardial infarction. A radiograph in January, 1953, showed no change in the pulmonary appearances 





Fic. 7.—Case 3 (6’ P.A. films) (A) September, 1952: Soft bilateral apical and basal shadows, with slight right basal 
hyperemia. (B) November, 1952: The basal shadows have cleared but there is persistent loss of translucency at 
the apices. (C) January, 1953: The loss of translucency at the apices persists. The aortic shadow appears wider 
on this occasion than on all previous films. 


but the aortic arch had widened (Fig. 7C). Three weeks later he became very breathless, had further severe 
chest pain, and died in coma. 

Necropsy. The main findings were gross hypertrophy of the left ventricle (heart 600 g.), very recent 
myocardial infarction, two unruptured dissecting aneurysms of the thoracic aorta and one of the 
abdominal aorta, and moderate ischemic atrophy of the cortex of the kidneys. 

The lungs were fixed by arterial perfusion with 15 per cent formol saline. Palpation revealed a striking 
rubbery firm consolidation of the superior portions of all lobes. Examination of the cut surfaces of the 
lungs showed this consolidation to be due to zones of grey translucent fibrosis, mostly peripheral in distri- 
bution, varying in extent from one to a few centimetres; these zones appeared airless. The remaining lung 
tissue was moderately oedematous and showed small irregularly distributed patches of fibrosis. The visceral 
nleura of the left lung was puckered by the underlying fibrosis. 

Microscopy confirmed the presence of fibrosis in the periphery of the superior portions of all lobes 
ig. 8). The fibrous tissue was oedematous and made up of delicate collagen fibrils, poor in nuclei, which 
id replaced most of the alveolar air spaces. Scattered mixed small and grossly distended alveoli much 
duced in number, many of them lined by a prominent “‘ endothelium ”’ were present in the fibrous tissue 
ig. 8). Elastic stains showed fairly good preservation of the walls of obliterated alveoli. Sections of the 
sriphery of the mid portion of the right lower lobe showed plugs in the lumina of alveolar ducts and alveoli 
f young well nucleated vascular fibrous tissue (Fig. 9). A number of these plugs contained central con- 
onsed fibrin. In many places these structures were seen to traverse alveolar walls through interalveolar 

ores (Fig. 9). In the left lower lobe there was an area of fibrosis intermediate in age between the picture 
st described and the older fibrosis, consisting of massive confluent intra-alveolar fibrosis by well nucleated 
lagen (Fig. 10). There was no evidence of any recent infection nor of any old or recent arteritis. 
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Fic. 8.—Case 3. Periphery of left upper lobe. Elastic and Van Gieson, «14. Diffuse fibrosis and enclosed dis 
tended groups of alveoli. 


Fic. 9.—Case 3. Periphery of left lower lobe. Elastic and Van Gieson, x 205, showing organizing fibrinous plugs 


within alveoli and alveolar ducts and a prominent interalveolar pore. 


COMMENT ON PATHOLOGICAL FINDINGS 


The changes in the lungs—a mixed intra-alveolar and interstitial fibrosis associated wit! 
preservation of the normal alveolar elastic pattern—are typical of carnification (Kaufmann, 1929) 
Study of the alveolar elastic tissue is essential for the differentiation from other types of fibrosi 
(Mallory, 1948). Collapse is associated with a regular condensation of contiguous alveolar walls 
In healed infarcts the elastic fibrils are condensed and irregularly matted together, and followin; 
destructive pneumonitis they are mostly absent. The chief immediate established cause of carni 
fication in general is the presence within the alveolar ducts and the alveoli of an unresolved fibri 
nous exudate, which becomes organized and converted into fibrous tissue. It is thought that th 
intra-alveolar vascularized fibrous tissue is chiefly derived from the connective tissue sheath whic 
surrounds the alveolar ducts (Kaufmann, 1929; Policard, 1949). This proliferates locally and als 
grows into the air spaces, and the newly formed intra-alveolar fibrous tissue is frequently joine 


to that in the neighbouring alveoli through the interalveolar pores. In young and small foci c 


carnification the intra-alveolar plugs of fibrous tissue are often retracted from the alveolar wal! 
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Fic. 10.—Case 3. Mid zone of left lower lobe. Elastic and Van Gieson, x 90. Replacement of air 
spaces in alveoli and alveolar ducts by young fibrous tissue. 


and covered by “ endothelium.’’ In older and larger foci the fibrosis is diffuse in the lung 
parenchyma (Kaufmann, 1929). The latter picture predominated in the lung sections of Case 2 
and in many areas in Case 3, but in addition, in Case 3, foci of varying ages and stages were seen 
including alveoli in which intra-alveolar fibrin was still present within a mantle of fibroblasts. 

The findings are therefore interpreted as representing in Case 2 the results of widespread out- 
pouring of an intra-alveolar exudate rich in fibrin which was not resolved but was organized. 
Case 3 is thought to have suffered a number of such episodes, some occurring shortly before death, 
with a similar outcome. Though the most commonly described cause of carnification is organi- 
zation of an unresolved pneumonic exudate, there is no evidence of this etiology in our cases. 
The distribution of the lesions in Case 2 was typical of acute pulmonary edema. The pathology 
in both cases is similar to, though mostly more advanced than the subacute organizing fibrinous 
pulmonary cedema observed in patients dying of heart failure associated with uremia (Doniach, 
1947). To sum up, the pathological findings are interpreted as carnification following one or 
more bouts of fibrinous pulmonary oedema. 


DISCUSSION 


The post-mortem findings of an organized fibrinous cedema confirm the radiological diagnosis 
© pulmonary fibrosis, and the resultant loss of aerated lung could account for the symptoms of 
pilmonary rather than cardiac dyspnea. Apart from the pulmonary changes these three patients 
dd not differ from the remainder of the series in any important respect such as type or degree of 
h.pertension. In trying to account for the onset of fibrinous pulmonary cedema we have con- 
silered such possibilities as incipient left heart failure and changes in capillary permeability. 
A though there was no history of typical attacks of acute pulmonary cedema while these patients 
wre under drug control, the presence of organizing fibrinous cedema, makes it difficult to avoid 
t! > conclusion that they must have had minor attacks. It is conceivable that they were cut short 
b treatment, and that survival was sufficiently prolonged to permit the development of organiza- 
ti n and carnification. While this seems reasonable in Cases 2 and 3, Case 1 had no objective 
e: dence of left heart strain. 
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Rabbits receiving 10 mg. per kg. of hexamethonium daily for one month showed no macro 
scopic or microscopic evidence of pulmonary oedema (Paton and Zaimis, 1949). Additiona 
evidence against the direct production of increased permeability of the pulmonary capillaries by 
hexamethonium is the fact that only three out of fifty cases were affected, and that resolution of th: 
lesions in Case | occurred under continued hexamethonium therapy. 

We think it unlikely that the complication described can be attributed directly to the hexa 
methonium and that it is not a contra-indication to continuation of the drug. Cessation of the 
treatment in these severely hypertensive patients might well lead to their rapid demise and, in fact 
did so in Case 2. 

SUMMARY 


Three out of a series of 54 severely hypertensive patients treated with hexamethonium bromide 
for a prolonged period developed an unexpected pulmonary type of dyspnoea and associated radio- 
graphic changes in thelungs. Their clinical and radiological findings are described together with the 
changes found at necropsy in the two who died. The lung lesion was found to be an organized 
fibrinous pulmonary cedema. This cedema was attributed to attacks of left heart failure probably 
modified by intermittent lowering of the blood pressure by hexamethonium. This treatment also 
prolonged life and thereby made possible the development of carnification. The lung lesions 
were thus not considered to be directly attributable to hexamethonium therapy and were no contra- 
indication to its continuation. 


We thank Professor J. McMichael for his interest and help, Dr. C. V. Harrison for the post-mortem material 
of Case 3, E. V. Wilmott for the photomicrographs, and J. G. Griffin and L. J. Wright for the sections. 
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Surgery of the heart is becoming increasingly intracardiac; it is, therefore, more important than 
ever to gain an accurate knowledge of the anatomical and functional changes during the whole of 
the cardiac cycle, before operative treatment is contemplated. 

In Fallot’s tetralogy interest has chiefly been centred on the outflow tract of the right ventricle. 
The prognosis as well as the indications for operation depend to a large extent on the functional 
capacity of this chamber. This information has been gained primarily by catheterization of the 
heart and the results have been correlated with the morphological studies obtained by means of 
angiocardiography. However, there has often been some discrepancy in the results obtained with 
these two different methods of examination and diagnosis. Even when the results of a necropsy 
are available the anatomy and the function have often markedly disagreed. The necropsy findings 
naturally vary with the stage of rigor mortis. In the angiocardiographic examinations often only 
one picture, or at the most only two separate pictures, of each visualized heart chamber are obtained, 
and, furthermore, the information thus obtained portrays the static anatomy of the heart. In 
order to get a wide knowledge of the dynamics of the heart, it is imperative to carry out a continuous 
objective recording of this organ in life. Such a large part of the intricate heart mechanism is 
intrinsic to the heart that an accurate concept of its activity is made difficult if one studies merely 
the movements of the heart silhouette by kymography or even directly at operation. 

Various reports on the rapid method of angiocardiography with synchronous photography in 
two projections at right angles and simultaneous electrocardiographic recordings have been pre- 
sented previously from Norrtulls Hospital and its advantages in the study of heart disease have 
been pointed out. This report is based on an angiocardiographic study of 23 cases of Fallot’s 
tetralogy using the rapid biplane method. A short review of anatomical and patho-physiological 
aspects of this disease is presented, and following this a discussion of the importance relative to 
Surgical treatment. 


MATERIAL AND METHODS 


Twenty-three unselected cases of Fallot’s tetralogy, of which all were under 10 years of age and most 
vere less than 3 years of age, were studied with rapid angiocardiographic methods at the Radiology 
epartment of Norrtulls Hospital. The diagnosis was based on the clinical examination, including 
‘ctrocardiography and angiocardiography, but the children were not catheterized. 

The technique of the angiocardiographic method used has been reported elsewhere (Fredzell et al., 
| 50). Umbradil (70% astra) was injected as a contrast medium via the superior route (antecubital vein) in 
te early cases. Later, the site of injection was changed to the greater saphenous vein at the ankle. 

* Working in Norrtulls Hospital under a Fellowship of National Research Council of Brazil. 
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This was done to avoid the projection of a contrast-filled superior vena cava overlying the aorta, to min - 
mize pressure differences created in the atria, and to increase the chance of visualizing an atrial sept | 
patency (Lind and Wegelius, 1953). Taking into account the increased risk of angiocardiography in thos: 


cases with an overriding aorta the dosage of contrast medium has been kept low (1-1-25 ml. per kg. cf 


body weight). Two projections were obtained simultaneously and instead of the previously employe! 
anterior-posterior and lateral projections, two lateral oblique views were obtained for a better appreciation 
of morphology. Each case was examined jointly by each member of the team in order to correlate clinica , 
radiological, and surgical observations. 


RESULTS 


The Venous Return. The anatomical course of the venous return and some aspects of its drainage 
into the right atrium can be shown with this method. The site of injection was a superior route i 
16 cases and the inferior route in the remainder. 

In this series, with the exception of one case, the superior and inferior vena cava followed their 
normal pattern of drainage into the right atrium. In this one (Case 18) the inferior vena cava 
showed an anomalous pattern with drainage into the left atrium. Where the superior route was 
used for injection the superior vena cava was found to be dilated in 13 of the cases (Fig. 1, 4, 5, 
and 6); in 3 its calibre was considered normal. This dilatation was found to be present also in the 
inferior vena cava in 4 out of 7 cases in which it was visualized. 

A retrograde filling of adjacent vessels with the contrast medium during atrial systole was 
observed when using the superior as well as the inferior route. The route by which the dye was 
injected had no influence on this reflux. 

There was generally a moderate reflux of contrast medium (14 cases) and it was marked in 4 
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Fic. 1.—Hypertrophy of the right ventricle. Injec- FiG.2.—IJnterventricular shunt. Direct demonstra- 


tion through the left antecubital vein. Left tion of an interventricular shunt. Injection 
anterior oblique projection (L.A.O.). At the through the left antecubital vein (L.A.O.). 
end of atrial systole the thickness of the right At the beginning of the first ventricular systole 
ventricular wall can be judged best in this pro- a right-to-left interventricular shunt is directly 
jection. In this case hypertrophy as well as shown. The size of the defect and its local- 
increased trabeculation of the ventricular wall ization high up in the septum is seen. A 
can be seen. right-to-left interatrial shunt could be excluded 


in the previous pictures. 








C.ise 
tvo 
(Vig 


app 
sept 
9 ca 


a hi 
sma 


Fi 





RAPID BIPLANE ANGIOCARDIOGRAPHY IN THE TETRALOGY OF FALLOT 111 






cises. Generally this reflux was into the inferior vena cava and the suprahepatic veins, and only in 
<| two cases into the superior vena cava. The venous reflux always appeared during atrial systole 
- (Vig. 4). 


cf Right Atrium. In all cases the right atrium was enlarged with an accompanying dilatation of its 
ed appendage (Fig. 3, 5, 6, and 7). The greatest enlargement was found in association with an atrial 
2 septal patency. It was sufficient to cause the right atrium to assume a more rounded contour in 
A, 9 cases. The amount of residual dye was considered above normal in 12 cases. 


The presence of a right-to-left shunt of the dye was demonstrated in 8 cases: this would indicate 
a high frequency of atrial septal patencies in Fallot’s tetralogy. This shunt was considered to be 
small in 5, moderate in 1, large in 2, and questionable in one other. 


as 


as 


as 


a 


FiG. 3.—Low infundibular stenosis. Infundibular chamber. Injection through 
the right antecubital vein. Right anterior oblique projection (R.A.O.). 
(A) Superior vena cava and right atrium somewhat dilated. Pulmonary 
artery and aorta contrast-filled simultaneously. Infundibular stenosis. 
(B) In the following ventricular systole the low infundibular stenosis is clearly 
seen. The infundibulum is apparently shut at this point. There is a dilatation 
of the infundibular chamber, suggesting some degree of valvular stenosis. 








Fi. 4.—Valvular stenosis. Injection through the right antecubital vein (R.A.O.). Verified at operation. 
(A) Superior vena cava moderately dilated. In atrial systole a contraction of the proximal part of vena cava 
as well as a reflux down into the inferior vena cava. At the same time contrast medium is streaming into the 
right ventricle. (B) End of atrial systole. Right ventricle is dilated, especially the infundibulum. There is a 
slight dilatation of the pulmonary artery. Aorta is clearly seen. (C) At the end of ventricular systole there is 
seen a great increase in the bulging of the post-stenotic dilatation. There is still good passage through the 

infundibulum instead of a reduction of its calibre. 
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Right Ventricle. 1n 20 cases a fairly good opacification of the right ventricle was obtained but 
in 3 it was poor. The ventricle was enlarged in all but one which showed hypertrophy of the wa'| 
rather than dilatation of the chamber. 

The amount of residual dye was increased above normal in 13 cases (Fig. 3, 4, and 6). In 2 
the results were inconclusive. The hypertrophy of the wall of the right ventricle was clearly demon - 
strated in 12 cases (Fig. 1). In 9 there was assumed to be hypertrophy because of the trabeculated 
appearance of the wall and one was questionable. A right-to-left interventricular shunt of dye 
was not observed in 10 but its presence was demonstrated in 12 (Fig. 2); it was classified as large 
in 2, moderate in 6, and small in 4 cases. 

The Pulmonary Infundibulum (Table 1). The opacification of the pulmonary infundibulum was 
found to be fairly good in 10 cases, poor in 11, and in the remaining 2 identification of the pulmonary 
conus proved difficult. One of these was Case 18 and the other was associated with a patent ductus 
arteriosus, and we presumed the existence of an infundibular aplasia. 

It was possible to outline the anatomical form of the pulmonary conus in 15 cases. We gained 
the impression that in the right anterior oblique position (which is best for its visualization) it 
generally possessed a greater diameter and a more cylindrical shape than in the left anterior oblique 


TABLE I 
FORM AND WIDTH OF THE PULMONARY INFUNDIBULUM 








No, | OPacifica- Diastolic Systolic Nature of Length Width Width Completely 
.. tion form form stenosis in systole in systole in diastole shut at 
systole 
1 Poor Conical- More Subvalvular | 10 mm. 12 mm. 1 mm Almost 
cylindrical | conical infundi- 
bular? 
y 4 Poor —* —- = — —- _- — 
3 Poor — — — — wider — Almost 
4 Fair Tubular Tubular Infundibular| 16 mm. 2 mm. 11 mm. Not shut 
5 Fair Tubular Tubular Infundibular 4-5 mm. 5 mm. 11 mm. Not shut 
and valvular 
6 Fair Tubular Tubular Valvular,sub-; 5 mm. 2 mm. 6 mm. Almost 
valvular and 
infundibular 
7 Poor = — —— _- —- _- — 
8 Fair Ovaloid, Ovaloid Low infundi-- 20 mm. 1 mm.7 10 mm.* Almost 
more bular and 
rounded valvular 
9 Poor ~- —- —- — -- — — 
10 Fair Conical Conical Subvalvular,| 5 mm. 1 mm 7mm Almost 
infundibular 
11 Poor — — == -— ~- — 
12 Fair Tubular Tubular Valvular 4 mm. 11 mm | 18 mm. | Not shut 
13 Fair Tubular Tubular Infundibular| 12 mm. 2mm 6 mm. | Almost 
hypoplasia 
14 Poor Conical Conical | Valvular 6 mm. 4 ? Not shut 
15 | Fair Conical Conical Infundibular| 4mm. 0 6 mm. Yes 
} | subvalvular 
16 Fair | Conical | Conical | Infundibular | 20 mm. 1 mm 7 mm. Almost 
| | | subvalvular 
17 Fair Conical Conical |Infundibular| 5 mm. 1 mm 4mm. Almost 
18 Aplasia 
19 Fair Tubular Conical Valvularand 20 mm. 4mm 11 mm. Not shut 
infundibular 
20 Poor — — — — — — — 
21 Poor — — — —_— — — — 
22 Fair Conical Conical Infundibular 6mm. 1 mm. 13 mm. Almost 
23 Fair Conical Infundibular, 10 mm. 0 5 mm. Almost 


Conical 





* In these cases the form could not be judged. 
+ Infundibular chamber transverse diameter: systolic 21, diastolic 13 mm. 
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position. The form and width of the infundibulum are recorded in Table I during maximal ventri- 
cular systole and diastole. 

The form and calibre of the pulmonary infundibulum demonstrated great variations during the 
different phases of the cardiac cycle (Fig. 3, 4, 6, and 7). Its form was classified in this series as 
conical in 11 cases and in most of these the pulmonary stenosis seemed to be infundibular in nature. 
Four cases showed a tubular or cylindrical form and one of these in particular had a very large 
infundibular chamber whose form was more rounded or oval in outline (Fig. 3). The contraction 
of the infundibulum in most of these cases appears to be segmental in nature and mainly sub- 
valvular in type. In only one case of cylindrical form did this contracture appear to involve the 
entire infundibulum and reduce it to the appearance of a narrow stem. 





Fic. 5.—A case of infundibular and valvular stenosis. Injection through an antecubital vein (R.A.O.). (A) Superior 
vena cava dilated. Right ventricle opacified in the middle of systole. There is a moderate narrowing of the 
infundibulum, followed by a valvular stenosis with a post-stenotic dilation. The infundibulum has a cylindrical 
form and there is a small globe-like projection of the valvular diaphragms. Aorta is poorly opacified. (B) At 
the end of systole the moderate contraction with reduction of its calibre can be clearly seen. (C) In the following 
ventricular diastole the infundibulum is widened and not apparently narrowed any longer, but a post-stenotic 
dilation can still be seen. The valves cannot be seen, but the pulmonary artery and its branches are well filled 
with contrast medium. 


ke 





Fic. 6.—Systolic narrowing of the infundibulum (infundibular stenosis). Injection 
through the left antecubital vein (R.A.O.). (A) Just starting ventricular 
systole. Infundibulum is alittle narrow. Aorta visualized. The lung-fields 
are clear. (B) In ventricular systole there is a great reduction in calibre of 

the infundibulum. 
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In 3 cases the stenosis or narrowing was considered to be moderate and in another 3 we note J 
only small variations in the calibre of the infundibulum. In this series we were able to make a 
probable diagnosis of the nature of the stenosis in 16 cases. In 9 we found infundibular stenosis. 
In 3 there was unmistakable valvular stenosis (Fig. 4). In another 4 we assumed the presence of a 
double stenosis, valvular and infundibular in association (Fig. 5). In the remaining 7 it wis 
impossible to decide upon the type of stenosis. It can be clearly seen and demonstrated by meanis 
of pictures that the pulmonary infundibulum is not a rigid channel but has its own rhythmic altera- 
tion of form. The results in 15 cases in which it was possible to measure different calibres of the 
pulmonary infundibulum in both systole and diastole, are shown in table form. These figures 
indicate clearly the various degrees of systolic contraction and the relationship between this con- 
traction and the type of pulmonary stenosis. 

Infundibular contraction was questionable in one case with valvular stenosis. The contraction 
was considered quite marked in 11 cases, with a reduction in diameter to one-third of its original 
size (Fig. 6). In 10 the infundibulum was almost closed during the ventricular systolic contraction 
(Fig. 7). Most of these cases showed a conical appearance and infundibular stenosis. In one case 
there was a moderate dilatation of the infundibulum in ventricular systole—probably due to a 
more or less complete lack of musculature of the conus. 

Pulmonary Artery and its branches. The pulmonary artery and its branches were fairly well 
silhouetted in 12 cases and in 19 there was a very poor shadow. However, in only one case was it 
impossible to reach some anatomical conclusions. The main branch always had a horizontal 
course from its origin in the right ventricle and generally it was short. In 7 cases its relative 
diameter was considered to be within normal range. In the others, 7 showed different grades 
of hypoplasia and 6 showed the presence of post-stenotic dilatation. In almost all the left main 
branch was almost always greater and higher placed than the right one. However, there is no 
rigid relationship between the calibre of the main stem and the branches of the pulmonary artery 
in the tetralogy of Fallot. The left branch generally appeared to have the same anatomical 
characteristics as the main trunk. Nevertheless, in one case a high degree of hypoplasia of the left 
branch and an extensive collateral circulation existed and the right main branch had only a moderate 
reduction of calibre. The peripheral circulation in the lungs was poor in almost all with the 
exception of Case 4, and the opacification of the lung vessels was prolonged and changed little 
during the whole series of films. 





Fic. 7.—Infundibular subvalvular stenosis apparently shut at the end of ventricular systole. Injection through a 

malleolar vein (R.A.O.). The case was verified at autopsy. (A) In ventricular systole a narrow stenosis of ' 1¢ 
infundibulum is seen, permitting only a thread-fine stream of contrast to pass. (B) At the end of the sane 
ventricular systole the infundibulum seems to be completely shut in a subvalvular segment. (C) In the follow 1g 
ventricular diastole there is almost a normal passage of dye through the infundibulum. Aorta is poorly contr :st 
filled. 
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Left Atrium, Left Ventricle, and the Aorta. Noting the time at which the left atrium fills gives 
| rough indirect measure of the degree of pulmonary stenosis. Re-opacification in late films of the 
eft side of the heart by contrast medium that has passed through the pulmonary circulation indicates 

good pulmonary flow. As a consequence of the diminished flow through the left heart the left 
atrium and ventricle are often smaller than normal. This may explain why the total heart volume 
is often not enlarged. 

The size of the right-to-left shunt can be roughly estimated by comparison of the amount of 
contrast medium in the aorta and in the left side of the heart in the left anterior oblique projection. 
If there is only little overriding and no significant right-to-left intracardiac shunt the early aortic 
filling may be slight and easy to overlook. This happens less often if two projections are used 
synchronously. The aorta is more often visible in the projection in which the ascending aorta 
overlaps the descending aorta. 

Early opacification of the aorta was always observed. This generally persisted throughout the 
greater part of the examination, partly due to the return of dye through the left heart. 

Dextroposition of the aorta is of greater degree if its origin appears to be more anterior in the 
right anterior oblique view. In most cases we found it, however, difficult to delineate accurately 
the origin of the aorta. (We are using the term dextroposition in its literal and most generally 
accepted sense rather than its meaning with regard to the anatomical origin of the aorta.) The 
criteria of an early silhouette for the diagnosis of dextroposition are sometimes unsatisfactory when 
an atrial septal defect is present, and further, because of the rotation of the heart the projections 
over the ventricular septum frequently cause mistakes and cannot be relied upon. 

In this series the aorta showed great variations in its relative calibre and this apparently bears a 
relationship to the degree of overriding. With an extreme degree of this the relative calibre was 
much enlarged and this picture was reversed with a smaller degree of overriding in the origin of the 
aorta. The course of the aortic arch and the descending aorta was normal in all but two. In one 
of these there was a left aortic arch with a right-sided descending aorta which is a rare anomaly 
according to Blalock’s experience (Case 2). In the other (Case 14), a right aortic arch was present 
with a right-sided aorta. In this series we were not able to see the aortic branches clearly because 
the right anterior oblique projection caused a superimposition of its outlines and the relatively small 
amount of dye used did not give a well-defined outline of these vessels. In three cases a ductus 
arteriosus was shown (Fig. 8). 


DISCUSSION 

Dilatation of the superior vena cava and right atrium is almost constant. The size of the right 
atrium as well as of the other heart chambers has been judged in relation to the total heart volume 
as well as to the other heart cavities. 

Only regurgitation of contrast medium into the vene cave during atrial systole has been con- 
sidered as a true reflux of dye. Reflux during atrial diastole may appear in normal cases as a result 
of the injection, and has been considered a normal phenomenon following the functional closure 
of the caval orifices during atrial systole (Hedman ef al/., 1953). 

Evidence of reflux was seen in most cases and most often into the inferior vena cava, for ana- 
tonically, as well as functionally, this orifice was considered the weakest point in the right atrium. 
The dilatation of the right atrium and the true reflux can be considered as evidence of a disturbance 
of ‘he function of the right atrium. That cardiac catheterization has given normal pressure values 
in nost cases of Fallot’s tetralogy can be attributed to the great distensibility of the right atrium. 
A urther sign of impaired function is the increased amount of residual dye at the end of atrial 
sys ole, a common finding in our series, noticed especially in cases with interatrial shunts. Generally, 
the enlargement of the atrium and the increase of the amount of residual dye has been small or 
mo lerate. 
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The interatrial shunts of dye that have been demonstrated in 8 cases have been from right-to- 
left in all, and have been noticed in atrial diastole as well as in systole. Sometimes the size of the 
septal patency can be judged directly, but no attempt was made to carry out an anatomical study 0 





__ 


Fic. 8.—Transitory direct visualization of patent ductus (L.A.O.). The patent 
ductus arteriosus (verified post mortem) is “ caught ** in ventricular dia- 
stole and seen through the aortic window. 


these defects. The amount of shunted dye can always be estimated fairly well. Here angiocard o- 
graphy can be of valuable diagnostic aid. This was discussed in detail in a study of atrial septal 
patencies with rapid angiocardiography (Lind and Wegelius, 1953). 

This high unexpected incidence of atrial septal patency in association with Fallot’s tetral«gy 
needs emphasis, because in the past it may not have been sufficiently appreciated. Many patie its 
with this condition have been treated by means of anastomotic procedures with disappointing cnd 
results. It is our impression, as previously pointed out, that in view of the different physiolog) in 
these cases with large shunts a direct surgical approach should be made on the pulmonary stem sis 
itself, wherever anatomically possible. 

The interventricular shunts, like the interatrial ones, are best seen in the L.A.O. project on 
and can usually be detected owing to the great difference in dye concentration between the ri zht 
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«nd left side of the heart where the latter as yet contains no contrast medium. Furthermore, when 
using a rapid series of pictures it is often possible to determine whether the shunt takes place during 
ystole or diastole. The shunts demonstrated have chiefly been directed to the left, in only two 
cases to the right, and in another two in both directions. 

The thickness of the wall of the right ventricle can be well estimated in L.A.O. projection when 
ii forms the margin of the heart during atrial systole. In the R.A.O. projection it can be suspected 
by the spongy appearance of the contrast medium in the ventricle due to the increased trabeculation 
of the wall. Judged from these criteria hypertrophy of the right ventricular wall has always been 
found when the opacification has been satisfactory. 

In this small series we have not yet made an attempt to establish the relationship between the 
degree of right ventricular hypertrophy, the size of interventricular shunts, and the degree of over- 
riding of the aorta. This seems, however, to be possible and appears to be of importance. 

The anatomy of the pulmonary infundibulum is not yet settled. From post-mortem findings 
as well as from external appearance, instrumental exploration, and pressure records during opera- 
tion, it has been possible for Brock to describe the morphology of the living infundibulum in pul- 
monary stenosis. 

Sellors and Belcher (1950) operated on 65 patients who suffered from Fallot’s tetralogy : their 
impression was that in 45 of these the maximal stenosis was at the infundibulum and in 20 at the 
pulmonary valve. Burke et a/. (1951) studied the anatomy of the sites of obstruction to the 
pulmonary bloodflow in 48 cases that came to necropsy; in 29 the subpulmonary tract constituted 
the narrowest point, and 13 of these also showed significant stenosis of the pulmonary valves 
which was of a lesser degree than that of the infundibulum; in 11 cases the maximal stenosis was 
in the pulmonary valve and in these was an associated, significant stenosis in the infundibulum in 
nine. Glower et al. (1952), found at operation that of 30 cases of Fallot’s tetralogy the blood flow 
was obstructed by stenosis at the pulmonary valve in 15; in 6 there was a high infundibular 
stenosis with an infundibular chamber; in 3 others the stenosis was immediately proximal to the 
valve and in one there was a low infundibular stenosis. The pulmonary artery was hypoplastic in 
two cases and finally in three there was a stenosis of the pulmonary artery distal to a normal valve 
but proximal to the bifurcation of the vessel. Brinton and Campbell (1953) have reported observa- 
tions from necropsies in 25 patients with Fallot’s tetralogy, most were between 7 and 20 years of 
age. In 10 there was a functional atrial septal defect. Right ventricuiar hypertrophy was found 
ineverycase. The stenosis was infundibular alone in 18, valvular alone in 2, and combined infun- 
dibular with valvular in 5, but in a larger series they find valvular stenosis more common than this. 

Recently some aspects of Brock’s work have been questioned on the basis of post-mortem 
indings which have rendered doubtful the surgical correction of the pulmonary infundibular 
tenosis on current anatomical concepts. It has been difficult to substantiate any hypothesis by 
outine angiocardiographic examination, where the visualization of the infundibulum is not com- 
ste. By injecting the contrast-medium chiefly into right ventricle or if possible into the pulmonary 
tery (Chavez, 1947; Jonsson, 1949), it is possible to obtain a more complete picture of the anatomy 
the outflow tract of right ventricle, the pulmonary artery, and the overriding aorta and its main 
inches, but not of the physiology which may be disturbed by the presence of the catheter and the 
rjection under high pressure. A further limitation of this way of introducing the contrast medium 

that it cannot give full information about the presence of other associated congenital malfor- 
y ations of the heart. A prerequisite for a good result is to use rapid biplane photography with 
nultaneous recording of the electrocardiogram. 

With rapid angiocardiography it is possible to see in serial pictures the different phases of 
ysiology of the infundibulum in the cardiac cycle and following intravenous injection of the 
’ ntrast medium the pressure relations may not be disturbed. Most of our observations agree with 
»ck and Campbell’s (1950) descriptions of the form of infundibulum. A complete change of 
m of the infundibulum during systole and diastole could usually be seen. The tubular or 
indrical appearance can change to a conical form following a stronger segmental contraction. 
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The actual site of stenosis in most cases was subvalvular and for this reason a conical appear- 
ance would be accentuated during systole. We have also found the infundibular chamber and its 
variation in calibre during ventricular systole to be a function of its position with reference to the 
valve. The ‘‘ segmental’ contraction of the infundibulum may be emphasized in view of it: 
surgical importance. This type could be verified in most cases; in only one was contraction of the 
entire infundibulum observed in which its form was changed to a narrow stem in agreement witl 
Soulié’s description. The systolic contraction of the infundibulum was clearly greater in infundi- 
bular than in valvular stenosis, and sometimes was sufficient to cause an apparent complete shutting 
off of the infundibulum or at least an extraordinary reduction of its calibre (see Table 1). This wa: 
shown in Case 22 where the diastolic diameter was reduced from 13 mm. to a systolic diameter o! 
1 mm. However, in cases of co-existing valvular stenosis these contractions do not produce a 
significant reduction of the calibre of the infundibulum: there does not appear to be very much post 
stenotic dilation of the pulmonary trunk and its branches as can be seen in pure pulmonary valvula: 
stenosis. The reason for this difference and the absence of an increased globe-like projection of the 
pulmonary valve may be explained by the relatively moderate infundibular stenosis which limits 
the impact of the total pressure gradient of the right ventricle against the stenosed valve. This may 
explain why pulmonary valvotomy in Fallot’s tetralogy does not transform this condition into an 
Eisenmenger complex, the relatively ‘‘ moderate’ grade of infundibular stenosis regulating the 
transmission to the ventricular pressure to the pulmonary vessels during systolic contraction and 
acting as a sort of protective mechanism. 

From an anatomical point of view the direct surgical correction of infundibular stenosis appears 
to be feasible in selected cases. This group includes the ** segmental ”’ type of infundibular stenosis 
(high subvalvular, intermediate, or low infundibular positions) and this represents in our materia! 
and from other reports possibly up to 60 per cent of all cases of infundibular stenosis. In the 
remaining group in which the stenosis involves the entire infundibulum, surgical correction does 
not appear to be feasible. Another approach would be to achieve maintenance of the diastolic calibre 
of the infundibulum in some of these cases, which we are now attempting to do experimentally. 

This discussion on the direct surgery or pulmonary stenosis is meant to focus attention on the 


anatomical possibilities of correction and does not imply preference for such technique, since if 


this is to be done the functional pathology of each particular case must be considered. 


SUMMARY AND CONCLUSIONS 


A study has been made of 23 cases of Fallot’s tetralogy with rapid angiocardiography and 
simultaneous electrocardiographic recording. The different mechanisms of the venous return to 
the heart are discussed. There is always enlargement of the right heart with hypertrophy of the 
right ventricle. 

Right-to-left shunts can be demonstrated with this technique. Right-to-left interatrial shun's 
occurred in 8 out of 23 cases. Right-to-left interventricular shunts occurred in most of the 
cases. 

Strong systolic contractions of the pulmonary infundibulum were shown in most of the cases. 
In the presence of valvular stenosis in Fallot’s tetralogy there was often ‘* relative ’’ or ** functional ” 
moderate infundibular stenosis. 

It must be emphasized that the calibre of the infundibulum varies with the phase of the heat 
cycle. It depends on functional as well as anatomical factors, and an infundibular stenos’s 
observed when the heart is in ventricular systole does not necessarily mean an organic stenosi.. 
The exact nature of the outflow tract of the right ventricle can be completely understood only by 
comparing films from full systole and full diastole and enough intermediate phases. 
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The presence of interatrial shunts in Fallot’s tetralogy should be looked for since they may 
ifluence the choice of surgical treatment. Pre-operative study may show the nature of the pul- 
onary stenosis. 

Anatomical correction by direct pulmonary surgery may be possible in a large number of 

selected cases of Fallot’s tetralogy. 


This paper was presented at the Scientific Meeting of the Middle Tennessee Heart Association, Vanderbilt Uni- 
versity, Nashville, in April, 1953. 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


An AUTUMN MEETING of the British Cardiac Society was held at the Royal Society of Medicine 
1, Wimpole Street, London, on Friday October 30, 1953. The Chairman, SIR JOHN PARKINSON 
took the Chair at 9.30 a.m. ; 124 members and 32 visitors were present. 


PRIVATE BUSINESS 
The minutes of the last Annual General Meeting, having been published in the Journal (15, 461, 1953) 
were taken as read and confirmed. 


It was agreed that the Annual General Meeting would be held on Friday, April 9, 1954, at Cambridge. 
Members would be accommodated in Downing College by kind permission of Sir Lionel Whitby and the 


Fellows. Papers would be presented in the Large Anatomy Lecture Theatre by kind permission of 


Professor J. D. Boyd. The Annual Dinner would also be held in Downing College on April 9. 


Further discussion took place concerning the Second World Congress of Cardiology to be held in 
Washington in September, 1954. The Secretary stated that he had received provisional notification that 
36 members wished to attend the Congress. 


SHORT COMMUNICATIONS 
PATENT Ductus ARTERIOSUS : THE EFFECTS OF DUCTAL LIGATION ON THE SYSTEMIC BLOOD PRESSURE 


By D. Lewes. Observations on the blood pressure were made in a series of 26 cases of patent ductus 
arteriosus immediately before and after surgical ligation of the ductus, during the first fortnight afte: 
operation, and at intervals for the next four years. Anesthesia and surgical intervention before ligation 


caused a significant increase in the diastolic pressure but little change in the systolic pressure. Closure of 


the ductus produced an immediate further increase in diastolic pressure. 

Within 24 hours of operation the diastolic and systolic pressures increased significantly, especially the 
systolic pressure. Blood pressure readings fell slowly for the next 10 days after operation. Two weeks after, 
the mean systolic pressure had fallen to pre-operative levels; the mean diastolic pressure had fallen b 
approximately 30 mm. but remained 20 mm. above the level recorded before operation. 

The subsequent blood pressure records made during the next four years indicated that the diastol 
pressure, obtained two weeks after operation, was maintained but that the systolic pressure continued | 
fall. 

The results of this investigation suggest that the long-term effects of ductal ligation on blood pressu 
are: (a) permanent abolition of a mild but significant pre-operative systolic hypertension, (5) stabilizatic: 
of the diastolic pressure within two weeks of operation, and (c) permanent elevation of the diastolic pressu’¢ 
above normal. 

The appearance of a continuous murmur eleven days after operation in one case was accompani 
by a profound fall in the diastolic pressure to pre-operative levels and by collateral evidence of duct 
recanalization. Despite the persistence of the murmur, the diastolic pressure observed during a three-ye 
period, steadily increased. From the evidence obtained in this and in comparable cases recorded 
Gilchrist (1945) it is suggested that measurement of the diastolic blood pressure following the appearan 
of a continuous murmur after ductal ligation may give more accurate information as to the degree of paten 
of the ductus than does the character of the murmur accompanying it. 

In the present series of 26 cases a significant positive correlation between the resting pulse pressure ai d 
the ductal diameter measured at operation has been found. 
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PATENT DucTUS ARTERIOSUS WITH SYSTOLIC FLOW INHIBITED BY PULMONARY HYPERTENSION 


By PETER Harris (introduced by Terence East). A lady of 43 had been noted to have an abnormal heart 
t 8 but there had been no disability until 42, when she had several attacks of paroxysmal fibrillation and 
creasing dyspnoea with, finally, heart failure. Clinically she had no cyanosis, a collapsing pulse, a right 
entricular thrust, and a loud diastolic murmur in the pulmonary area. Systole was silent. Radiology 
evealed the pulmonary trunk and main branches dilated and pulsatile, with enlargement of both ventricles. 

Cardiac catheterization showed a pressure of 140/10 mm. Hg in the pulmonary artery where the blood 
vas excessively oxygenated. Femoral artery pressure was 140/20, and it was thought that blood flow through 
a patent ductus was occurring only during diastole, since there was no pressure gradient along it during 
systole. There was no evidence of reversed flow. The pulmonary hypertension was not simply due to 
increased flow for the pulmonary arteriolar resistance was raised. The low diastolic pressure was due to 
pulmonary incompetence. Angiocardiography confirmed the great dilatation of the pulmonary trunk and 
main branches, the peripheral branches being narrowed. Subsequent enquiry revealed that at 9 she had 
a pulmonary systolic murmur only, while at 25 there was a typical continuous murmur. 

A patent ductus was found post mortem. The natural history, physiology, and morbid anatomoy are 
discussed and correlated. 


SODIUM CHLORIDE AND CARDIAC MUSCLE 


By R. J. S. McDowa tt and A. F. Zayat (introduced). It has long been recognized that low sodium 
chloride is of benefit in cardiac cedema because it causes less water to be retained in the body. The introduc- 
tion of the rat ventricle preparation (McDowall and Zayat, 1952, J. Physiol., 117, 75P) indicates clearly 
that it may be of great benefit to cardiac muscle, especially when hypoxic. 

If the preparation is rendered anoxic for a few minutes the cardiac muscle is markedly disabled. 
Recovery, which otherwise is very slow, may be brought about immediately by reducing the sodium chloride 
in the external medium and so facilitating sodium extrusion. It is known that all muscle contains less 
sodium than the surrounding medium in virtue of a sodium extruding mechanism, but retains it when 
anoxic. We have also evidence that the power of the heart to contract very rapidly is dependent on the 
amount of sodium in the external medium and it is suggested that cardiac muscle, when it contracts takes 
up sodium, in the same way as nerve when it conducts. 


SYSTOLIC MURMURS IN MITRAL STENOSIS 


By J. P. D. Mounsey. Systolic murmurs were examined by auscultation and on the phonocardiogram 
in 50 patients with mitral stenosis and in these the degree of stenosis and the degree of associated incom- 
petence, if any, was estimated at mitral valvotomy. Systolic murmurs were met in approximately two-thirds 
of the patients and were absent in the remaining one-third. 

Pan-systolic murmurs, best heard at the apex, were in every case associated with mitral incompetence. 
Although, in general, louder murmurs were associated with a greater degree of incompetence, this was not 
an invariable finding. Of soft systolic murmurs, confined to early and mid systole, best heard at the apex, 
one-third were associated with palpable mitral incompetence. In the remaining two-thirds no regurgita- 
tion was felt. 

Where an apical systolic murmur was absent on auscultation and on the phonocardiogram, no incom- 
petence was palpable at operation. 

Transient, loud, pan-systolic murmurs, heard well at the apex but loudest at the left border of the sternum 
at the level of the fourth inter-costal space, were met during episodes of congestive cardiac failure. These 
lessened or disappeared after recovery from failure and were not necessarily associated with incompetence 

the mitral valve. Likewise, systolic murmurs, best heard elsewhere than at the apex, were not associated 
\ith mitral incompetence. 

It is suggested that in mitral stenosis, a pan-systolic murmur, best heard at the apex, in the absence of 
ngestive cardiac failure, is strong evidence of the presence of associated mitral incompetence. The loud- 
ss of the murmur, on the other hand, is a less reliable guide to the degree of incompetence, in estimating 

‘hich the whole clinical picture must be taken into account. 
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PULMONARY DISTENSIBILITY AND RESPIRATORY WORK IN MITRAL STENOSIS 

By GRAHAM HAywarb and J. M.S. Knott (introduced). The pulmonary distensibility and respiratory 
rk have been measured in patients with mitral stenosis before and after valvotomy, at rest and during 

> ercise, by means of simultaneous recordings of intra-cesophageal pressure and respiratory air flow. The 
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rigidity of the lungs is usually increased at rest and increases further with exercise, but there is no correlation 
between the extent of these changes and the degree of dyspnoea. Respiratory work shows similar changes 

After valvotomy, the rigidity of the lungs is decreased but the respiratory work on exercise sufficient tc 
cause dyspnoea is the same as before operation. In one patient who seemed considerably improved by 
operation although no valvotomy was technically possible, the lungs were more rigid after the operatior 
than before. The results of mitral valvotomy suggest that the improved ability to carry out muscular anc 
respiratory work may play as important a part as the decrease in pulmonary congestion in causing 
symptomatic improvement after operation. 


CRITERIA FOR THE DIAGNOSIS OF LUTEMBACHER’S SYNDROME 


By LAwsonN McDONALD. The observations in this communication were made in association witl 
Dr. Lewis Dexter, Florence Haynes, Murray Rabinowitz, and George A. Saxton, Jr. The diagnosis o! 
mitral stenosis in the presence of atrial septal defect is important when either lesion may be corrected by 
surgery. 

Clinical, electrocardiographic, and radiological findings are given in a case of atrial septal defect ir 
whom mitral stenosis, as a complicating lesion, could not be excluded before operation. Venous catheter- 
ization demonstrated the presence of an atrial septal defect, and the left atrial mean pressure was raised to 
17 mm. Hg. As this could have been due either to mitral stenosis or to left ventricular failure, repeated 
but unsuccessful attempts were made to pass the catheter through the mitral valve into the left ventricle i: 
order to obtain pressure reading there. At operation a large atrial septal defect was found; there was no 
mitral stenosis. 

In such cases where mitral stenosis is suspected but not proved (as by the demonstration of mitra! 
calcification), left ventricular pressure records may be of diagnostic value. These will show whether an 


elevated left auricular pressure is due to obstruction at the mitral valve or to left ventricular failure. If 


the catheter cannot be made to enter the left ventricle, after being passed into the left auricle through an 
atrial septal defect, arterial catheterization may be indicated. This has not yet been successfully performed 
in these cases, although it has been in others. 

The criteria for the diagnosis of mitral stenosis occurring with atrial septal defect are reviewed, with special 
reference to the above and to two other similar cases. Of these, both underwent cardiotomy and one was 
also examined post mortem. 


CARDIAC OUTPUT DURING EXERCISE BY THE FICK METHOD 
(Illustrated by film) 


By K. W. DonaLp, O. L. Wape, J. M. BisHop, and G. CUMMING (introduced). To use the Fick method 
to estimate cardiac output during such a changing state as the transition from rest to exercise requires very 
frequent samples of arterial and mixed venous bloods and expired air. Furthermore, in a changing state 
the procedure is useless if each set of samples is not simultaneous. The film shows how this can te done, 
and demonstrates a spectrophotometric method of measuring blood oxygen content and capacity which 
allows the analysis of 50 specimens in duplicate in three hours. 


NON-SPECIFIC FACTORS IN THE PROTHROMBIN (QUICK’S) TEST 


Q 


By R. Hupson. The one-stage prothrombin-test is at present the only practical means of controlli 
anticoagulant therapy with the modern coumarin drugs. The test is relatively insensitive to changes 
prothrombin level but fortunately it is sensitive to changes in factor VII—and it is this factor that is lowe! 
by the drugs. 

Plasma is mixed with brain suspension at 37° C. for a fixed time and then, after the addition of calciun 
chloride solution (also at 37° C.), the time taken for clotting to occur is the prothrombin time. The whcle 
technique of the test must be standardized. The prothrombin time of a patient’s plasma is interpolated 1n 
a normal plasma-saline dilution curve and the result expressed empirically as a percentage of prothrom| 
activity on a saline-dilution curve. 

Though empirical, this technique provides a reliable guide to therapy and this is borne out by resu ts 
—nearly 170 patients have received courses of therapy with only one hemorrhage—and this accident v is 
anticipated by the test. 
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Apart from heparin administration, and in vivo deficiencies of pro-factor VII, prothrombin, factor V, 
and fibrinogen, abnormal prothrombin times can arise in vitro from several causes which may be set out 
as follows. 


Factors that have little effect on prothrombin time 
1. Moderate hemolysis of blood sample. 
2. Minor degrees of clotting in blood sample. 
3. Excessive platelets in the plasma used for the test. 


Factors that may cause major error 

1. Incorrect ratio of blood to potassium oxalate in sampling. Too little blood results in prolonged 
prothrombin time. 

2. Age of sample. Whole blood retains its prothrombin time unchanged for at least three hours when 
kept at room temperature or in refrigerator. Separated plasma shows considerable lengthening of 
prothrombin time if kept at room temperature—but less so in refrigerator—for three hours. 

3. Incorrect water bath temperature. Prothrombin times carried out below 37° C. show prolongation. 
This effect is noticeable at 30° C. and gross at room temperature. 

4. Addition of calcium solution too soon produces shortened prothrombin times which vary with the 
incubation time and the thickness of tube used. Uniform tubes and an incubation time of one 
minute before adding calcium solution yields consistent results. 

5. Brain extract unstable or improperly standardized. The dried powder stored in vacuum ampoules 
in refrigerator is absolutely stable for years. When made up for use the suspension must be kept 
at refrigerator temperature always, and must be used at its optimum dilution. 


AURICULAR WAVES ON ARTERIAL PRESSURE RECORDS IN PATIENTS WITH SINUS RHYTHM, HEART BLOCK, AND 
AURICULAR FLUTTER 


By SHEILA HOWARTH. To te published in full in Brit. Heart J. 
PULMONARY VENOUS DRAINAGE INTO THE RIGHT HEART VIA A PERSISTENT LEFT SUPERIOR VENA CAVA 


By JAmMes W. BROWN and WILLIAM WHITAKER. Drainage of some or all’of the pulmonary veins into 
the right side of the heart is not uncommon and Muir (Thorax, 8, 65, 1953) collected 151 reports of such 
cases. However, it is only since the advent of cardiac catheterization and angiocardiography as diagnostic 
procedures that it has been possible to establish the diagnosis of this lesion in life. Recent reports indicate 
that it should now be possible to recognize patients with pulmonary veins draining via a persistent left 
superior vena cava and the left innominate vein into the right heart, by the ordinary clinical and radiological 
methods. (Friedlich, A. et al, Bull Johns Hopkins Hosp. 86, 20, 1950; Snellen, H. A., and Albers, F. H., 
Circulation, 6, 801, 1952; and Gardner, F., and Oram, S., Brit. Heart J., 15, 305, 1953.) 

Six patients in whom a diagnosis of such anomalous pulmonary venous drainage was made on clinical 
ind radiological grounds are described and the results of cardiac catheterization and angiocardiographic 

idies in five of these patients are discussed. The possibility of surgical correction is considered. 
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THE VASCULAR PATTERN IN CHRONIC GENERALIZED MYOCARDIAL ISCHA:MIA 

By W. F. M. FULTON (introduced by Rae Gilchrist). From a detailed pathological investigation 
coronary artery disease with clinical correlation, four cases have been selected for presentation. These 
ur have in common a long history of progressive, unremittent angina. In each there was narrowing of 
‘th coronary arteries at, or close to, their ostia. In no case was there evidence of recent occlusion of any 
\-ssel. 

Stereo-radiography following the injection of a radio-opaque medium revealed unusually advanced 
scular changes in the coronary circulation, which presented a pattern that was characteristic. Anastomoses 
‘re widespread, with special emphasis on the deeper layers of the left ventricle, where a network of grossly 
lated, intercommunicating channels had opened up. These hearts were apparently protected from 
-alized infarction. Despite severe angina, myocardial infarction either did not occur at all, or else occurred 
zonal, as opposed to regional, distribution. Multiple focal areas of necrosis formed in aggregate a ring 
© infarction encircling the inner zone of the left ventricle, as seen in cross-section. 
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It is suggested that the more pronounced ischemic change found in the deeper layers of the left ventrick 
is lagely conditioned by their distance from supply. 


THE BALLISTOCARDIOGRAM IN CORONARY DISEASE 


By E. G. Wape and R. M. FULTON (introduced). The ballistocardiogram was recorded in 112 patient: 
complaining of chest pain. Patients were grouped clinically into those (a) with typical cardiac pain, (b) wit! 
non-cardiac pain, and (c) with pain of doubtful origin. The ballistocardiographic and electrocardiographic 
findings in these groups are described. It is concluded that the ballistocardiogram is of diagnostic valuc 
in cases of chest pain of doubtful significance and of prognostic value in cases of established coronary 
artery disease. 


THE EFFECT OF CESTROGENS ON THE PLASMA LIPIDS IN CORONARY DISEASE 


By M. F. Ouiver and G. S. Boyb (introduced by Rae Gilchrist). The effect of small doses of cestrogen: 
on the plasma lipids has been studied in 20 hypercholesterolamic men with cardiographic proof of coronary 
artery disease. The plasma lipids of the subjects were studied for a control period of 16 weeks, the majority 
of the subjects then received from 0-2 mg. to0-6 mg. of ethinyl cestradiol each day for 11 weeks, and identica! 
inert tablets for a further 8 weeks. The mean plasma total cholesterol fell by 25 per cent of the contro! 
value during the period of cestrogen administration, and returned approximately to the control value durin; 
the period of inert tablet administration. The change cccurred almost entirely in the ester fraction. Th« 
plasma phospholipids remained more or less constant, and thus the abnormally high mean plasma total 
cholesterol phospholipid ratio of this group was depressed into the range of normality during the period of! 
cestrogen administration. Plasma lipoprotein patterns have been studied in selected subjects. All experi- 
enced gynecomastia and other side effects after two or three weeks therapy. There was no change in the 
functional capacity of the subjects during or after oestrogen therapy. 

The therapeutic application of this beneficial effect of oestrogens on the abnormal plasma lipid pattern 
in established coronary artery disease is discussed. 


After the meeting of the Society a dinner was held at Simpsons. 

As 1953 was the centenary of the birth of Sir James Mackenzie, the President, Sir John 
Parkinson, was asked to recall some of his memories of Mackenzie; and the account that follows 
is based on what he said. 
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SIR JAMES MACKENZIE 
THE CENTENARY OF HIS BIRTH* 


Until his death in 1925, Mackenzie was the only Honorary Member of the British Cardiac 
Society. He had himself suggested more than once the formation of a cardiac club. Ina letter to 
Sir Arthur Keith dated December 29, 1907, now in my possession, he wrote: ** I have seen Cushny 
and mentioned the matter of a‘ Heart Club’ to him, and he is keen. Will you turn the matter over 
in your mind?” 

The importance of Mackenzie’s researches was recognized in Germany before he was at all 
widely known in Britain. The German translation of his book Diseases of the Heart (1908) was 
being studied in the wards at the University of Freiburg in 1910 when I was there, and this was the 
first time I ever heard of him. In 1911 he was invited to be lecturer in cardiac research at the 
London Hospital, thanks to the Chairman of the hospital, Lord Knutsford, who learnt that medical 
visitors from the Continent and the U.S.A. inquired more about Mackenzie than about any other 
physician in Britain. His appointment to the staff with borrowed beds was supported mainly by 
Sir Arthur Keith and Professor Bulloch. 

Early in 1913 Mackenzie asked for beds of his own and the Cardiac Department began with 
twelve beds, an out-patient clinic, and an electrocardiograph. Having completed my medical 
registrarship, I had the good fortune to be asked by Mackenzie to become his chief assistant. Those 
were delightful days by reason of contact with that great man and because there were so many 
notable visitors from home and abroad. Among those specially welcome were Allbutt, Cushny, and 
Wenckebach. Osier had earlier visited him in Burnley when he was in general practice, and he 
never forgot that compliment. He always spoke feelingly, too, about Graham Steell who had 
allowed him to use beds in the Manchester Royal Infirmary, and about the pre-eminence of British 
physiologists like Gaskell and Starling. Among welcome visitors from the United States were 
\lfred Cohn and Paul White. His closest friends were Keith and Wenckebach, with both of whom 
he corresponded over years and who knew him at home. Thomas Lewis had his own physiological 
path to follow and was much more than a disciple: Mackenzie claimed no more than that he won 
his interest for cardiology; he had great affection for him and often expressed admiration for his 
achievements in research. 

Mackenzie was not interested much in what was known, but in what was lacking in the under- 
tanding of a subject or of a patient. He had a remarkable originality of approach; while so often 
imitting that he did not know, he was downright, even dogmatic, on what he did know. At the 
dside with a few who were interested he was at his best, and less at ease with undergraduates or 
aa formal lecture. He constantly expressed his surprise and half-amused annoyance at his own 
norance—and that of his profession. Never satisfied with himself, he was not easily satisfied 
th others. 

Anyone at the bedside might question him and would receive a courteous answer though not 
ways what was expected. The reply would often be a brief and searching question to the ques- 
ner, and then would start a miniature clinical conference round the bed in which anyone might 
n. The patient would never be forgotten and could not fail to perceive that the whole proceeding 
\ is something in which he or she was the centre of interest though not the central figure. One 
p tient asked the nurse to open the nearest window for draught just before the Chief reached his 

Mackenzie was born in 1853. These remarks are based on an address given at a dinner at the British Cardiac 


ciety by its President, Sir John Parkinson, on October 30, 1953. 
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bed so that he could invoke and show him his anginal attack. Another with Stokes-Adams attack 
stopped me late one night in the ward and insisted on fixing his consent for a necropsy: “ I wan 
him to have my heart.” 

He really took it for granted that anyone could do clinical research as if there must exist in ever 
doctor a natural curiosity that would overcome the obstacles. Yet with this humility there was no 
complacency and he had enough self-confidence and courage to require that his views should b 
considered. 

Unless there was urgency, we were not allowed to use any drug until the patient had been i: 
hospital for a week; nor to use any combination of remedies; it had to be one drug at a time. H: 
had completed his clinical studies of digitalis, published in Heart, 1911, 2, 273, which formed « 
new departure in therapeutic research in the ward. 

It was in inspection and auscultation that he seemed infallible; certainly we never caught him ou: 
though we often tried. In palpation he did not follow the technique we had been taught to use, 
but applied his hands in his own way. As a Chief everyone liked him and felt proud to do anything 
for him. True, he expected more to be done each week than, in fact, we did, and yet he was quicker 
to praise than to criticize. He relaxed quickly at tea after the clinic and there made friendly persona! 
contact with any visitor of note who had been round with him. Wednesdays he reserved for golf. 

At one period the idea arose that Mackenzie was of a combative temperament, and this may 
have been fostered by some passages in his biography by Macnair Wilson. That was not my) 
experience of him. It would be difficult now to realize the heavy opposition his views encountered 
from certain physicians in London, some to my knowledge who could only teach what they had 
been taught. As he remarked, “ first they say it is not true, then that it is not new.” He was a 
fighter for his convictions, responding adequately if attacked though not for his own sake, and he 
could not but win. Fortunately he was not only a discoverer but a determined and courageous 
man who meant to see his hardly-acquired knowledge applied in medical practice. “* Unless you 
say it forcibly, they won’t remember,” he said to me, smiling. 

In appearance Mackenzie was a tall and massively built Scot with a noble head set with searching, 
yet sympathetic eyes and bearing a sober expression often relieved by a smile. He was agreeable 
and courteous to strangers, genial and happy with his friends, and most perfectly happy in his home. 
I never knew how far it was love of truth or how far love of humanity that quickened his mind and 
spirit. 

It was my privilege in 1917 to work with Lewis, Cotton, Meakins, and Drury at the Mount 
Vernon Hospital, Hampstead, on the so-called soldiers’ heart. The whole scheme was arranged by 
Mackenzie through the War Office, and he, Allbutt, and Osler each came for a morning every week 
as consultants. They were three great men, and how different they were! Allbutt was dignified 
and delightful, but never condescending as we placed our problems before him. Osler arrived 
before we had breakfasted and added some joviality to the gathering there and information in the 
wards afterwards. Mackenzie took it more seriously and entered into each phase of projected 
research, especially the plan of physical exercise instead of rest and medication. Incidentally, 
in an earlier letter informing me that I would be recalled from France for this purpose, he wrote 
that the symptoms of these soldiers ** are simply part of the general condition of weakness, affecting 
chiefly the vaso-motor system and the brain”. That was in the first World War before the psycho- 
logical explanation of Da Costa’s syndrome in the second World War (Wood, P. H., Brit. med. J., 
1941, 1, 767, 805, and 845). 

Mackenzie took his anginal pain and physical restrictions in good part, for he arranged his life 
accordingly and otherwise took no notice. I never remember him being nervous or anxious. 
few weeks before his death he told me at his flat in London that I had to do “a post mortem ~ 
when the time came. I protested, but he smiled and said that his brother, the late Lord Amulre:, 
would see that I did what he wished. At that period he would quietly chew a trinitrin tablet befor: 
leaving his study to enable him to walk into the lounge to greet one of his numerous visitors. 


One of Mackenzie’s greatest gifts to medicine, in my personal view, was his differentiation of 
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tne arrhythmias, their respective prognosis and treatment, in everyday medical practice. To my 
knowledge, sinus arrhythmia and extrasystoles had been viewed with concern and were often 
treated by rest in bed and a restricted life. Digitalis used to be given only during acute heart 
fuilure until Mackenzie led the way to its wider application in chronic failure and in ambulant cases 
of auricular fibrillation to prevent failure. 


For those who may wish to learn more of Mackenzie, his life and his work, reference may be 
made to: 
Lewis, Thomas (1925). Sir James Mackenzie. Heart, 1925, 12, 1. 
Hay, John (1930). James Mackenzie and his Message. Brit. med. J., 1930, 1, 1033. 
Pratt, Joseph H. (1941). Recollections and Letters of Sir James Mackenzie. New Engl. J. Med., 
1941, 224, 1. 


For other information see: 

Evans, William (1931). A brief History of the Cardiac Department of the London Hospital. 
Lond. Hosp. Gaz., 1931, 35, 14. 

Monteith, W. B. R. (1930). Bibliography of the Writings of Sir James Mackenzie. Oxf. Univ. 
Press, 1930. 

And, intended for both lay and medical readers: 


Wilson, R. Macnair (1926). The Beloved Physician: Sir James Mackenzie. John Murray, London. 
JOHN PARKINSON 
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Edited by J. L. Lovibond in collaboration with Abstracts of World Medicine 


A Study of the Beneficial Effects of Anticoagulant Therapy 
in Congestive Heart Failure. G. C. GrirriTH, R. 
STRAGNELL, D. C. Levinson, F. J. Moore, and A. G. 
Ware. Ann. intern. Med., 37, 867-887, Nov., 1952. 

Anticoagulants have been given to patients with con- 

gestive heart failure at the Los Angeles County Hospital 

since emboli were found to be the direct cause of death 
in 20% of cases of rheumatic heart disease coming to 
necropsy. In the present paper the authors report the 

results of anticoagulant therapy in 416 out of 627 

patients with congestive heart failure. Some patients 

received dicoumarol, others ‘‘ tromexan”’ or ‘“* depo- 
heparin’’; a number did not receive anticoagulant 
therapy and served as controls. Treatment was con- 
tinued until heart failure had disappeared. An attempt 
was made to maintain the prothrombin level at 20% of 
normal, the level being estimated daily in patients given 
dicoumarol and twice daily in those given tromexan. 

Rapid fluctuation in the pro-thrombin level in patients 

given tromexan made it necessary also to give the drug 

in divided daily doses. 

In the treated group thrombo-embolism occurred in 
10°¢ of cases as compared with 30% in the contrcl group, 
the reduction being greatest in patients with rheu- 
matic heart disease or coronary arterial disease without 
hypertension. There was no significant difference in 
the efficacy of the various anticoagulants used. Haemor- 
rhage occurred in 2-8°¢ of the control and 2-9°% of the 
treated patients; it was not observed, however, with 
dicoumarol or tromexan when the _ prothrombin 
level was above 10°. Protection from embolism 
seemed to be achieved when the prothrombin level 
was below 60°, and the authors suggest that adequate 
prophylaxis can be secured with a prothrombin level 
of 45%. 

It is concluded that administration of an anticoagulant 
is a useful adjuvant to the general treatment of congestive 
heart failure. C. W. C. Bain 


(Esophageal Contraction and Cardiac Pain. W. Evans. 
Lancet, 2, 1091-1097, Dec. 6, 1952. 
If a diagnosis of angina pectoris is based on the patient's 
recital of his symptoms alone there is a good chance 
that the diagnosis is wrong. Pain in the chest closely 
resembling the pain of coronary disease may in fact not 
be associated with heart disease at all, but with a form of 
disordered action of the cesophagus which the author calls 
** esophageal arrhythmia.”” This phenomenon is easily 
recognizable during cardioscopy while the patient 
swallows a thick barium paste. the normal rhythmical 


progression of the meal gives way to irregular movements 
the meal is held up at the diaphragmatic opening, ani 
the lower end of the csophagus becomes distended 
there is then a sharp recoil upwards of the meal, the 
cesophagus resuming its normal calibre for “‘a_ brief 
period’? and then becoming distended again. This 
process may be repeated several times before the mea! 
passes on into the stomach. 

In order to determine the relation of this phenomenon 
to angina-like pain, the author has sought it in two groups 
of patients over a period of 15 years. The first group, 
the control series, consisted of 1400 subjects, 700 of 
whom were healthy persons without pain or evidence of 
heart disease, 200 were identified as having painless heart 
disease, and 500 were patients with a history of precordial 
pain and electrocardiographic evidence of cardiac in- 
farction. Of these 1400 patients 37 (2:6%%) exhibited 
cesophageal arrhythmia, 25 being patients with coronary 
arterial disease and only 7 being healthy subjects. The 
second group, the test series, consisted of 332 patients 
complaining of pain closely resembling classic angina in 
nature and site, in being provoked by exertion, and in 
distribution to the chin and shoulder, but in whom 
scrupulous clinical and electrocardiographic examinations 
had failed to provide any evidence of heart disease. In 
133 (40%) of these patients esophageal arrhythmia was 
demonstrated. 

The mechanism of cesophageal arrhythmia and the 
origin of the pain are discussed and the author points 
out that cesophageal spasm, except where it is segmental, 
is not a direct cause of pain. CEsophageal arrhythmia 
should not, therefore, be regarded as the cause of the 
chest pain; it is merely a radiological sign that, when 
present, suggests for the pain a dyspeptic source. 

The treatment recommended is to give glyceryl tri- 
nitrate in an emergency of pain or distress, followed by a 
regimen consisting in reassurance and explanation, 
measures to promote better digestion, carminatives, 
reduction in consumption of alcohol and tobacco, and 
slimming. G. F. Walker 


Results of Sympathectomy for Peripheral Vascular Disea:e, 
with a Fifteen-year Evaluation of Cases. J. 
HeNprRiIck and E. G. Guy. J. int. Coll. Surg., 18, 
668-684, Nov., 1952. 


This paper records the personal views and experier -e 
of the authors, who have studied the value of sympath: -- 
tomy performed by them in the treatment of periphe 
vascular disease. A useful working classification 
given: (1) vasospastic functional disease; (2) vasospas !C 
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irganic disease; (3) organic degenerative disease with 
ir without vasospasm; and (4) hyperactivity of the vaso- 
rotor system. The commonly recognized peripheral 
iscular diseases are described and the value of sym- 
pathectomy in each is discussed. The place of sympa- 
thectomy in treating claudication is also described: the 
authors point out its value and the persistence of relief 
in many cases. They draw attention to the frequency 
th which claudication in foot muscles is misdiagnosed 
foot strain. 

It is their opinion that in certain cases—notably in the 
acute phase of thrombo-angiitis obliterans—sympathec- 
tomy seemed to hasten the progress of gangrene. [It 
seems more likely that the disease was so overwhelming 
that nothing could arrest its progress.] Sympathectomy 
in the treatment of causalgia, thrombophlebitis, frostbite, 
and acute arterial obstruction is also described. 

[This paper is well worth reading in full. The authors’ 
opinion that “ the various diseases caused by [vascular] 
obstruction are frequently not well defined and seem to 
merge with one another ”’ will appeal to all who have to 
manage these cases. Cecil Flemming 


Dietary Treatment of Hypertension. I. H. PAGE and 
A.C. Corcoran. J. clin. Nutrit., 1, 7-16, Sept.—Oct., 
1952. 

The authors, writing from Cleveland, Ohio, briefly 

review the history and experimental basis of treatment of 

hypertension by restriction of sodium in the diet. They 
point out that experimental work regarding the relation 
between vascular reactivity and sodium retention has 
been clouded by species differences. It is their opinion 
that in the clinical evaluation of dietary treatment of 

hypertension in human beings it is essential to have a 

preliminary control period, during which repeated blood- 

pressure determinations are made, with the aim of 
achieving a stabilized state while the patient is on a rela- 
tively constant, normal intake of sodium and protein. 

Some patients may reach this condition in a few weeks, 

whereas in others it may take some months. During 

part of this time the diet should contain 0-2 g. sodium 
with added salt in enteric-coated tablets. Sodium 
restriction can be started by replacing these by a placebo 

ii tablets of identical appearance. Estimations of 

\rinary sodium concentration are made throughout the 

tudy. Sodium intake should be increased to a normal 

evel in a post-test control period. 
It was found that under these conditions a minority of 
pertensive patients respond to sodium restriction by 
| in blood pressure and improvement in the pattern of 
pertensive vascular disease. Similar studies with the 

-e diet of Kempner showed that its efficacy is related 
ily to its low sodium content. It is not considered 
»ssible to forecast which cases will respond to sodium 
striction, nor is it common to get a speedy answer 
the question during the period when the patient is 
ceiving the diet, even when, in addition to sodium 
striction, mercurial divretics are given, as the beneficial 
tion of the diet may be long delayed. Many social, 
onomic, and personality factors were found to militate 
‘ainst successful continuance of the diet; there is, 
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moreover, in the presence of moderate or severe renal 
failure, the danger of sodium depletion. 

The authors conclude that the practical choice lies be- 
tween rice diet and other diets of low sodium content 
(less than 200 mg. per day). Extradietary sources of 
sodium (stomach powders, water-softeners) should be 
avoided; salt substitutes are unsatisfactory and, in the 
case of lithium chloride, dangerous. Cation-exchange 
resins are less satisfactory in the treatment of hyper- 
tension than in that of congestive heart failure or 
nephrotic syndrome. Low-sodium diet can with ad- 
vantage be combined with hexamethonium therapy. In 
malignant hypertension speedier measures than sodium 
restriction are, as a rule, needed. K. G. Lowe 


Nephrectomy and Other Treatment for Hypertension in 
Pyelonephritis. G. W. PickERING and R. H. 
HEPTINSTALL. Quart. J. Med., 22, 1-22, Jan., 1953. 

The results of excision of one diseased kidney for the 
relief of hypertension in 12 patients treated during the 
last 11 years at St. Mary’s Hospital, London, are reported 
and the etiology, pathology, and clinical features of 
chronic atrophic pyelonephritis—the lesion most com- 
monly found in the excised kidney—are reviewed, the 
typical morbid changes being illustrated by one photo- 
graph and 5 photomicrographs. 

Nephrectomy brought about considerable and _ per- 
sistent reduction of blood pressure in 4 of these i2 
patients. 

There are four possible explanations for the failure of 
nephrectomy to relieve hypertension in cases of apparently 
unilateral kidney disease; (1) hypertension of more than 
about 2 years’ duration may have become irreversible; 
(2) it may have entered the malignant phase; (3) it may 
not have been the consequence of the renal lesion; or 
(4) undetected pyelonephritis may have been present in 
the other kidney. From this series and others reported 
the authors conclude that bilateral disease is the 
commonest reason for failure. Hence, if the condition 
is bilateral, excision of the more severely affected kidney 
is unlikely to do good, and may do harm. On the other 
hand if hypertensive neuroretinopathy (albuminuric 
retinitis) is present, urgent measures for the relief of the 
hypertension are required, such as: (1) subtotal adrena- 
lectomy, which proved successful in the 3 cases reported 
here, but failed in 3 other cases in adults whose malignant 
hypertension was not the result of pyelonephritis; 
(2) sympathectomy, which was not adequately investi- 
gated in the present series; and (3) the parenteral 
administration of hexamethonium compounds. 

Adrian V. Adams 


The Natural History and Course of Hypertension with 
Papilledema (Malignant Hypertension). M.F.ScHotTt- 
STAEDT and M. SoKoLow. Amer. Heart J., 45, 331 
362, March, 1953. 


The natural history of hypertension associated with 
papilledema was studied in the records of 104 cases 
seen at the University of California Hospital between 
1936 and 1940. The average age of the 63 men and 41 
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women was 42 years. There was a family history of 
hypertension in about one-half of the patients, and a 
history of significant illness (scarlet fever, frequent sore 
throat, glomerulonephritis, pyelonephritis, and toxcemia 
of pregnancy) in rather more than one-half. In 74 
patients hypertension had been diagnosed 5 months to 
27 years before the onset of the malignant phase. The 
authors estimated the average duration of the malignant 
phase to be 9 months. 

Renal symptoms were observed in 87 patients, and 
chronic pyelonephritis was found in 12 of 37 cases in 
which necropsy was performed. The part played by the 
kidney in malignant hypertension was reflected in the 
response to treatment; only in those cases where renal 
function was good was sympathectomy or a low-sodium 
diet successful; in other cases the treatment of choice 
was administration of such drugs as hexamethonium and 
** dibenamine.”’ The rapid deterioration in renal func- 
tion noted in some cases was striking, indicating the need 
for frequent observation of patients with malignant 
hypertension so that treatment may be started promptly. 

In the authors’ cases the appearance of papilloedema 
indicated a phase of the disease which, if left untreated, 
was usually rapidly progressive, though in 3 cases reces- 
sion occurred spontaneously. A raised cerebrospinal-fluid 
pressure was not considered to be responsible for the 
papilleedema, which was sometimes unilateral. Patients 
with papilledema who had impaired renal function 
rarely recovered. The heart was affected in nearly every 
case in the series. J. L. Lovibond 


Results with Oral Hexamethonium Alone and in Combina- 
tion with 1-Hydrazinophthalazine (Apresoline) in the 
Therapy of Hypertension. J.H. Moyer, H. B. SNYDER, 
I. JOHNSON, L. C. Mitts, and S. I. MILLER. Amer. J. 
med. Sci., 225, 379-398, April, 1953. 


In this paper are described the results in 58 cases of 
hypertension in out-patients treated with hexamethonium 
chloride by mouth. There were 28 men and 30 women 
aged between 29 and 71 years, in each of whom the pre- 
treatment blood pressure was higher than 160/100 mm. 
Hg. The initial dose of hexamethonium was 250 mg. 
given 4 times daily—a dose before each meal and another 
at bedtime. This was gradually increased until an ade- 
quate response was obtained or side-effects led to dis- 
continuance of the drug. The lowering of the mean 
blood pressure (taken as the diastolic pressure plus one- 
third of the pulse pressure) by 20 mm. Hg was considered 
to be a good result. In only 18 patients was there 
failure to attain this without untoward side-effects, and 
in these cases ** apresoline ** (hydralazine) was given with 
rather less hexamethonium chloride. Apresoline was 
given in a dosage of 25 mg. 4 times a day, and this was 
increased by 25 mg. a day at weekly intervals. The 
combined therapy led to a satisfactory fall in blood 
pressure in 11 of the 18 patients. 

Studies of renal hemodynamics did not suggest that 
these drugs caused any permanent impairment of renal 
function. The relief of headaches, and of angina pectoris 
if present, was marked and the improvement of cardiac 
function striking. The drugs were given with benefit in 
cases of hypertension of renal origin, and the authors 


conclude that they may be safely used in such case; 
provided the blood urea level is not rising. 
G. S. Crockett 


The Prognosis of Subacute Bacterial Endocarditis Treate:! 
with Antibiotics. Results of Treatment in 202 Case:. 
E. DonzeLot, J. M. LE Bozec, H. KAUFMANN, and 
J. E. Escatte. Arch. Mal. Ceur, 46, 97-107, Feb., 
1953. 


The results of treatment during 1945-51 of 202 cases 
of subacute bacterial endocarditis are reviewed, and 
the prognosis in such cases discussed. Blood cultures 
(made in 201 of the cases) were positive in 134 cases, 
Streptococcus viridians being isolated in 67 cases, non- 
hemolytic streptococcus in 43, Str. faecalis in 15, and 
various organisms in the remaining 9 cases. In 67 
cases (33%) no positive blood culture could be obtained 
after at least 5 examinations. This proportion is con- 
siderably higher than that reported by other workers, 
but was due to the fact that the group was heavily 
weighted with serious cases referred to the authors from 
other centres. Of the whole group, 79% had rheumatic 
and 13% congenital heart disease. In 16 cases (8°,) 
there was no evidence of previous heart disease, but the 
majority of these were men who had been deported to 
Germany during the war and in whom there was clinical 
or serological evidence of infection with typhus. In 14 
of these the aortic valve was affected, and in 2 the mitral 
valve. 

At first treatment was with penicillin (1,000,000 units 
per day), but later one of the newer antibiotics was given, 
the choice of drug and dose depending on the organism 
and on the clinical response. Of the 202 patients, 49 
(24%) died within 3 months, and a further 21 (11°,) 
within the next 7 years, giving an over-all mortality 
of 35%. Of the 21 delayed deaths 17 were due to heart 
failure; of the 132 survivors, the results were good in 120 
and fair in 4; 8 patients did not reply to an inquiry. 

Unfavourable features affecting the prognosis were: 
age under 10 (mortality 33°%%) or over 60 (mortality 40°,): 


the abacteriemic form of the disease; the presence of 


resistant bacteria, especially enterococci; affection of the 
aortic valve; the absence of previous heart disease: and 
the development of congestive failure. In the classic 
form of the disease, however, in patients between 10 and 
60 years of age with compensated rheumatic disease and 
a positive blood culture, 83°% were cured and more than 
70°%% remained well from 4 to 7 years after the end of 
treatment. Keith Ball 


Mechanism of Flutter and Fibrillation. D. Scuerr, A. ! 
SCHAFFER, and S. BLUMENFELD. Arch. intern. Mea, 
91, 333-352, March, 1953. 


The authors discuss the two principal theories of t! 
mechanism of flutter and fibrillation, the circus-moveme! 
theory and the ectopic-focus (tachysystole) theory, an | 
review their findings in experiments carried out at Ne 
York Medical College following the discovery that thes: 
disorders can be induced in the heart by the topic 
application of aconitine (Scherf, Proc. Soc. exp. Biv . 
(N.Y.), 1947, 64, 233). 
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In experimental animals fibrillation or flutter will 
pear within a few seconds of the application of 
ynitine to any part of the auricles; if the area treated 
isolated from the rest of the auricle by clamping, the 
rhythmia ceases except in the isolated area, but returns 
both auricles when the clamp is removed. An ar- 
ythmia thus induced can be abolished by cooling the 
aconitinized focus, while by cautious cooling it may be 
possible to transform fibrillation progressively through 
jutter and extrasystoles to sinus rhythm; if the cooling 
thermode is removed, arrhythmia returns. Stretch and 
pressure applied to the aconitinized area increase the 
rate of existing flutter, and fibrillation ensues; the 
arrhythmias are immediately arrested by applying 
potassium chloride or quinidine to the aconitinized site. 
By faradization or the topical application of acetyl- 
choline to the auricle similar ‘* tachysystolic centres * 
can be induced not only at the site treated, but also at a 
distance—usually in the sinoauricular or auriculo- 
ventricular nodes; it is not clear why aconite does not 
induce such multiple centres. The authors suggest that 
these observations cannot be explained by the circus- 
movement theory, and provide strong evidence that 
auricular flutter and fibrillation originate in one or more 
ectopic foci. 

The application of aconitine to any area of the ventricle 
of the dog induces a ventricular tachycardia indistinguish- 
able from flutter which, as in the auricle, can be slowed 
or stopped by cooling the treated site. In certain cases, 
however, this flutter changes suddenly to fibrillation, 
whereupon cooling becomes ineffective. In explanation 
of this, the authors suggest that the tachysystolic centre 
set up by aconitine bombards the ventricle with rapid 
stimuli, causing the formation of innumerable tachy- 
systolic centres in all parts of the ventricular myo- 
cardium, the simultaneous activity of which is seen as 
fibrillation. Thus ventricular fibrillation would appear 
to be invariably multifocal, whereas auricular fibrillation 
may be either multifocal or unifocal. 

The characteristic feature of fibrillation, as opposed to 
flutter, seems to be repetitive action occurring in all parts 
of the myocardium in a totally irregular manner. This 
is apparently initiated in some way by stimuli from one 
or more self-sustaining tachysystolic centres, and is non- 
persistent in the absence of such stimuli in the auricle, 
bul persistent in the ventricle. Thus fibrillation differs 
fundamentally from flutter, which appears to result from 
rapid stimulus-formation in a focus without the induc- 
tion of repetitive action elsewhere in the myocardium. 
R. S. Stevens 
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Paroxysmal Ventricular Tachycardia Treated with Intra- 
‘enous Injections of Quinidine. L. E. JANUARY, H. E. 
!AMILTON, and D. W. SINTON. Arch. intern. Med., 91, 
25-332, March, 1953. 


Th» potentially serious nature of paroxysmal ventricular 
tac iycardia calls for prompt measures; some patients 
Ca! not tolerate quinidine given by mouth, while it 
m: be too long in taking effect in patients who are 
ur. ently ill. Hitherto the intravenous injection of quini- 
has been regarded as dangerous, although its success- 
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ful use in terminating attacks of ventricular tachycardia 
has been reported on a number of occasions. 

At the State University of Iowa Hospitals during the 
past 12 years intravenous quinidine lactate or gluconate 
(65 to 650 mg.) has been used in treating 28 attacks in 
11 patients. Six of these cases are described in detail. 
An immediate response occurred in 24 attacks, with 
dramatic clinical improvement in 18 of these, a delayed 
response occurred in 2 cases, and failure is reported in 
2 cases, with the death of one already moribund patient. 

The authors recommend dilution of the 10-ml. am- 
poules of quinidine solution (containing 65 mg.) with 
an equal volume of normal saline and stress the import- 
ance of injecting not more than 65 mg. of quinidine a 
minute. During the injection continuous auscultation 
and continuous direct-writing electrocardiography are 
carried out, any change in quality of the heart sounds, in 
the heart rate, or in the QRS complex being an indication 
for its termination. The most frequent side-effects 
noted were nausea and vomiting, with sweating in a 
few; one patient had a convulsive seizure during the 
injection but this was not repeated on subsequent oc- 
casions. Electrocardiograms illustrating the restoration 
of normal rhythm are reproduced. R. S. Stevens 


Surgical Closure of Interauricular Septal Defects. R. E. 
Gross. J. Amer. med. Ass., 151, 795-797, March 7, 
1953. 


Although a small interatrial septal defect may be tolerated 
fairly well, the presence of a large opening results in 
a severe left-to-right shunt and may lead to early heart 
failure and death unless the defect can be closed surgically. 

The author describes a method of treatment that 
entails closure of the defect by means of a stitch or 
prosthesis through an opening in the right atrium. 
Blood loss is prevented by attaching to the edges of the 
incision in the atrial wall a rubber cone or “ well *’ open 
at both ends and tall enough to allow the blood to rise to 
a height corresponding to the intra-atrial pressure without 
overflowing. 

In more than 100 experimental operations in dogs it 
was found that blood rose only a few centimetres in the 
well and that the addition of small amounts of heparin 
prevented clotting. Moreover, the heart tolerated the 
opening satisfactorily for periods of more than an hour. 
Closure of interatrial openings was attempted with 
excised atrial muscle, plastic buttons and sheets, and 
simple sutures. 

The operation has been carried out 7 times in children 
who had been shown by cardiac catheterization to have a 
left-to-right shunt of 6:7 to 22-3 litres a minute. A 
wide right thoracotomy is used and the pericardium 
opened. The large right atrium is exposed and, after 
incision, the ** well ** (a conical sleeve of rubber with a 
rigid upper rim) is attached by interrupted sutures, being 
held firm by a special clamp as blood rises into it. The 
hand is introduced into the well and the index finger is 
used to palpate the defect and to place and guide sutures 
and appliances. 

In 3 cases the defect was closed with the Hufnagel 
button (two disks screwed togéther, one on either side 
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of the opening), but these worked loose because of the 
absence of an adequate rim of tissue to maintain them in 
position, the children dying within a few weeks of 
operation. In another 3 cases closure was carried out 
with nylon or polythene sheet, cut to size and sutured 
to the edges of the defect; there were 2 successes and 
one death, the latter caused by clot forming beneath the 
projecting edge of the closing sheet, which had been made 
too large. Finally, one child was treated by suture of 
the opening with silk stitches; this gave an excellent 
result, though a small shunt still persists. 
T. Holmes Sellors 


Six Cases of Single Ventricle with Pulmonary Stenosis. 
M. CAMPBELL, G. REYNOLDS, and J. R. TROUNCE. 
Guy's Hosp. Rep., 102, 99-139, 1953. 


In this paper 6 cases of single ventricle with pulmonary 
stenosis are described in detail and 78 reported cases are 
reviewed. It is pointed out that a single ventricle with 
two auriculoventricular orifices, or a large single orifice, 
results from failure of the ventricular septum to develop 
normally. This abnormality is distinct from the appar- 
ently single ventricle that accompanies tricuspid or mitral 
atresia, where the septum is pushed far to the right or 
left to enclose a small chamber from which one or other 
of the great vessels arise; in these cases there is a single 
valvular orifice, not a true single ventricle in the ana- 
tomical sense. 

On clinical examination there are no signs to distinguish 
cases of single ventricle with pulmonary stenosis from 
those of the tetralogy of Fallot, to which there is a 
functional similarity, and the electrocardiogram, angio- 
cardiogram, and cardiac catheterization do not generally 
furnish decisive information. Bundle-branch block is 
rare, so that despite a gross abnormality of the ventricular 
septum, conduction tissue is still present; a strong right 
ventricular picture is the rule. The atrial septum is 
intact in about one-sixth of the cases, and transposition 
of the great vessels of varying degree, with some form 
of pulmonary obstruction, is seen in about half the cases. 
{Much valuable anatomical information is given in this 
paper, which should be read in its entirety.] 

James W. Brown 


The Diagnosis of Infarction of the Interventricular Septum. 
H. L. OsHER and L. WoLFr. Amer. Heart J., 45, 429- 
440, March, 1953. 

In 35 fatal cases of cardiac infarction the electrocardio- 

gram was analysed in the light of the extent and severity 

of the pathological lesions, as revealed by injection of the 
coronary arteries, gross examination of the heart, and 
histological examination of multiple sections. 

The authors conclude that a diagnosis of infarction of 
the interventricular septum may be made when bundle- 
branch block and high-grade auriculo-ventricular block 
occur during the course of acute myocardial infarction, 
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when complete right bundle-branch block is associat d 
with Q waves in the right percordial leads, and when 
complete left bundle-branch block is associated with Q 
waves over the left ventricle. J. F. Goodwin 


Changes in the Leucocyte Count in Myocardial Infarction. 
(Uber das Verhalten der Leukocyten im peripheren 
Blutbild beim Myokardinfarkt). L.SLAPAK. Cardio- 
logia (Basel), 22, 101-117, 1953. 


The author has studied the leucocyte count in 228 cases 
of recent myocardial infarction seen at the Municipal 
Polyclinic, Vienna. Total counts were estimated daily 
for 6 weeks after the onset of the attack, and in 53 of tie 
cases daily differential counts were made as well. A 
leucocytosis was seen in all the cases in which there was 
no other disease. This started on the Ist day, reached 
its maximum by the 8th day, and then fell rapidly. The’ 
degree of leucocytosis seemed to be correlated with the 
extent of the infarct: counts of over 30,000 per c.mm. 
were seen in two serious cases. In general, the smaller the 
leucocytosis, the better seemed the prognosis. Leuco- 
penia was present in cases complicated by chronic 
rheumatoid arthritis. 

The differential counts varied greatly. The appear- 
ance of immature leucocytes in the peripheral blood 
usually portended a grave prognosis. In most cases 
neutrophil granulocytes predominated in the first 2 weeks, 
and this was followed by a relative and absolute lympho- 
cytosis during the 3rd week. [No explanation is offered 
for this.] H. David Friedberg 


Clinical Study of Shock following Myocardial Infarction. 
T. R. Fink, C. J. DDANGIO, and S. BILOON. J. Amer. 
med. Ass., 151, 1163-1165, April 4, 1953. 


In the authors’ view the shock-like state occurring in 
patients with acute myocardial infarction is due either to 
(1) severe heart failure with a raised venous pressure, or 
(2) a true state of shock like that which follows trauma, 
with marked arterial and venous hypotension. They 
therefore so classified 15 consecutive cases of myocardial 
infarction with shock and treated them accordingly— 
with intravenous lanatoside C in the former group and 
with intravenous phenylephrine (‘* neo-synephrine ”’) in 
the latter. Oxygen, rest, and sedation were used as 
indicated. 

In the 10 patients with high venous pressure digit«lis 
administration resulted in a rise in blood pressure and in 
some cases a fall in venous pressure. In the 5 patients 
with low venous pressure given phenylephrine, clinical 
improvement and a rise in both venous and arterial 
pressures ensued. It is considered that if the venous 
pressure be high, intravenous infusion of plasma, intra- 
arterial transfusion, or administration of phenylephr ne 
is contraindicated. H. David Friedber 


The British Cardiac Society and the Editors of the British Heart Journal would like to congratulate their 
Printers, Messrs. William Clowes and Sons, on the recent celebration of their 150th anniversary of the found ng 
of the firm. This has been commemorated in Family Business, 1803-1953, by the present William Clowes. 








